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PREFACE TO THE FOUETH 
EDITION. 



The present edition includes f reeh articles dealing witli doai- 
metry in chloroform, the use of ethyl cjiloride as a general 
anssthelic, and the production of aniesthesin by i<pinal 
injection. To make room for these it has been necessary 
to omit some paragraphs and desci'iptions. The writer 
haa attempted to place bef&re his readers such facts 
and theories concerning aneesthetics as he deemed to be 
essential ; he makes no claim to have included either the 
views of all competent authorities, or any account of the 
apparatus which in his judgment are not necessary for the 
b^innei'. The manual is intended as a handbook for 
students and practitioners, and as such contains only what 
the writer has personally tested, and upon which he has 
been enabled to form an opinion. The chief additions are 
the introduction of a full description of Mr. Vernon 
liarcoiirt'a chloroform regulator ; some mention of Dr. 
Dubois' and Dr. Levy'.'i dosimetric chloi-oform apparatus ; 
an accoiint of ethj'l chloride and its mixtures ; and a 
resujiii of recent work dealing with the local analgesia 
and spinal ansesthesia. The whole of the book has been 
repined and largely re-written, so as to include some 
account of recent scientific research upon ansestheties. 

Much help has been given by various colleagues and 
friends, and to these, and especially to J)r. Inglis Clark, 



vi PREFACE TO THE FOURTH EDITION, 

Dr. Beresford Kingsford, and to Mr. Mackenzie Davidson, 
the last of whom has kindly taken the stereoscopic photo- 
graphs from which the frontispiece has been prepared, 
the writer offers his thanks. Dr. Hewitt has again lent 
blocks, and various othera have assisted in like manner; 
to them and to Messrs. Duncan & Flockhart, who have 
assisted in many ways, a debt of gratitude is acknowledged. 
The extreme difficulty of epitomising so large a subject as 
is the study of ansesthetics must be advanced for many 
omissions and much curtailment. The writer has felt, 
however, it is best to supply a system which, if incomplete, 
represents what is accepted by most competent observers, 
rather than to attempt to harmonise conflicting views, and 
so overload the pages of a practical manual with details 
unessential and of ephemeral importance. 

82, Mortimer Street, W. 
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ANESTHETICS. 



INTBODUCTION. 

The experience gained in teftching the principles nnder- 
lying the eafe use of anteatheticB in Bnrgical practice has 
led the author to believe that the following suggeationB 
how to use this manual may prove of service. Many 
have little time to wade through details, while others have 
HO slight a special knowledge to start upon that an 
attempt to read a practical book from commencement to 
end makes confusion worse confounded. 

In pritnw, even at the risk of offering superfluous 
advice, it is urged upon those who hope to acquire pro- 
ficiency in the use of antesthetics that unless they realise 
to the full the responsibility which must be assumed by 
the antesthetist, they will never attain to even the founda- 
tion of their art. The timid and the reckless are equally 
dangerous, the one because he baa no faith in hia know- 
ledge, the other because he has never realised that his 
skill and knowledge alone stand between his patient and 
peril, possibly death. 

Whatever apparatus is employed, it should be person- 
ally examined before use, and the antesthetic employed 
should be smelt before being placed in or upon the inhaler. 
The armamentarium of the auKsthetist should consist of 
the inhaler selected, an adequate quantity of the ansea- 
thetic which has been chosen as most suitable for the 
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patient, and if tlie particulars of the case are not known, 
an alternative aoffiBtlietic ; a gag, tongue forceps, gponges 
with holders, a month opener, traeheotoiny inHtrumenta 
and intubation tubes, aa well as a solution of strychnine 
with a hypodermic syringe. In cases in which special 
dangers are apprehended additional aids are required, 
such as a cylinder of oxygen, a bellows fitted with india- 
rubber tubing, for pulmonary perflation. All instrn- 
ments, rubber bags and face-pieces should be carefully 
and tlioroughly cleansed before and immediately after 
use. In cold weather the rubber of tubes and face-pieces 
should be rendered pliant by warcaing in hot water. 

Plan of study. — It is suggested that the student 
commencing the subject should read the chapters in the 
following order, paying particular attention to the physio- 
logical action of the anesthetic substances therein de- 
scribed. 

In Chapter II., p. 23, is a consideration of the general 
preparation of a patient and this should be mastered 
before the succeeding pages are read, dealing with the 
choice of the aniesthetic. This subject is further ex- 
panded on pages 305, 332, and 330, when the anicsthetice 
in use in the surgery of the various regions, thorax, abdo- 
men, in parturition, &e., are considered. 

It is desirable that the methods of giving nitrous oxide 
should be stndied, both because they are essential in 
themselves, and because in many cases when ether is 
used, it is advantageously preceded by the employment of 
nitrous oxide (p. 55). In short cases nitrous oxide can 
be administered by itself, but a consiJerable experience is 
required with this aufesthetic to enable the administrator 
to manage it property. Only after many attempts can ha 
obtain sufficient mastery of methods to acquire the power 
of producing a prolonged working auffisthesia. 
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The physiological action of uitrous oxide {pp. 57 to 66) 
fihould be carefatl; perueed, then the descripttou of the 
simple B t apparatnB (pp.68 to 79) may follow. The adminia- 
iration (pp. 80 to 84} with " after- effecta " and dangers 
(pp. 91 to 101) should he read before the sections dealiag 
with the more complex methods of giving mixtures of 
nitrouB oxide oo incidentally with air or oxygen. The pro- 
longation of nitrons oxide anieatheaia may be omitted at 
first, but the pages dealing with the methods proposed to 
effect it, must be reverted to at a later stage (pp. 87 to 113). 

The student is recommended to peruse from p. 116 to 
p. 147 and master the principles of the administration of 
ether. It is better to gain familiarity with the use of one 
method before the attention is given to elaborations 
which, although moat necessary in special cases, are 
wisely omitted in a first reading. The method recom- 
mended is nitrouB oxide gas preceding ether by the plan 
suggested by Clover (pp. 112 and 147). The alternative 
plan of giving ethyl chloride followed by ether is one now 
commonly adopted and will be found described on p. 155. 
For ether inhaled alone the method described at pp. 128 to 
136 should be adopted. Pages 143 to 147 must be read 
concurrently with the above descriptions. Pages 162 to 
177 should be carefully studied, since they deal witli the 
complications, &c., of ether inhalation. Ether given in 
combination with other narcotics is dealt with on pp. 147, 
158, 269, 289, 296, and 302, and these aections may be 
omitted for a subsequent reading, as well as pp. 158 to 
161, which refer to rectal etherisation. 

Passing to chloroform, the reader is advised to devote 
his attention at first to pp. 186 to 201. Of inhalers, that of 
Mr. VernoQ Harcoiirt (p. 203 } is certainly the best, but the 
modern form of Junker is also recommended (p. 214). The 
paragraphs dealing with methods on p. 221 should be next 
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read, although the " open method" is not to be taken as ^M 
of equal value with the exact dosage plan rendered pos- 1 



of equal value with the exact dosage plan rendered pos- 
sible fay the use of a, regulating apparatus such as those 
of Harcourt or Junker. The remainder of Chapter V. 
may be read in the order in which it Is written. 

The comphcations and- dangers hable to arise while a 
patient is inhaling nitrous oxide, ether or chloroform, are 
dealt with in the chapters which refer to the inhalation of 
these anesthetics, but the Enbject ie more fully elaborated 
and brought into a common focus on pp. 330 to 355. Al- 
though this has involved some repetition, such ie thought 
to be justified by the manifest advantage of having " acci- 
dents " grouped together in one chapter devoted to their 
consideration. Chapter VIII. may next be read, as it will 
enable the reader, who should have mastered the general 
principles involved in giving nitrons oxide, ether, and 
chloroform, to apply his knowledge to the special cases 
therein detailed. Explanations are given on pp, 305 to 
321, which it is hoped will enable the reader to under, 
stand special precautions and manipulations which are 
required during the performance of many operations 
which from their nature may involve the aniesthetist in 
difficulties. Chapter IX, deals with the special apphca- 
tion of anjesthetics to obstetric surgery. 

Since no one can safely embark upon so serious a re- 
sponsibility as that of administering auiesthetics until he 
has studied his position from a medico-legal standpoint, 
the reader is advised to peruse at this point the final 
chapter of the manual, pp. 380 et seg. The remaining 
sections of the book should be read for special informa- 
tion concerning the various antestheties, mixtures, suc- 
oeBsions and local analgesics with which they deal. 
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Means for producing eurgical aiiffisthesia were practical 
unknown until Wells introduced nitrous oxide, Morton 
employed ether, and Simpson cboloroform. With the 
first employment of these three agents commences the 
history of artificial auEBsthesia, although from very early 
times attempts were made to obtain inseneibihty during 
eurgical operations. 

Nepenthes or sedative draughts to reheve severe pain 
are mentioned in the Odyaaey — Helen seeking to " drown 
ail sense of woe " and to assuage the sufferings of Menelaua 
by such means. In Egypt, cannabis indica, the modern 
hashish, and other drugs, were similarly used. The 
" wine of the condemned " spoken of by the seer Amos 
was held by Simpson to have been derived from cannabis 
indica. Both among the Jews and the Chinese, narcotics 
were given to criminals to alleviate the agonies of their 
death struggles. The Assyrians and Chinese seem to 
have employed various drugs with a view to relieve the 
angaish of wounds and such rough surgery as was prac- 
tised among them. Dr. Dudgeon of Pekin, however, gives 
little credence to the somewhat exaggerated narratives 
which have appeared concerning the extent to which antes- 
thesia was practised among the Chinese, 

Opium, cannabis indica, carbonic dioxide, and deadly 
nightshade, were advocated in various forms to achieve 
this object. Pliny and Dioscorides describe several 
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methods in vogue amoug the Bomaua and other nations 
for benumbing parts eubjeoted to incision and cauteriEa- 
tiou. Memphia marble as a local anssthetic, for example, 
was finely powdered and applied to the part and on the 
addition of vinegar a gas was given off {carbonic dioxide) 
wliiah rendered the part slightly aniesthetic. Yarioua 
memborB of the Euphorbiacete, Mandragora, and other 
Solanaoeous plants, were also employed in infusions, 
which on being drunk induced some narcotism. Sir 
Benjamin Ward Eicbardaon prepared a draught from 
some Atropa Mandragora, following the directions given 
by Dioscorides, and stated that he found the potion a. 
Batisfaototy anassthetic. Attempts at antesthesta by in- 
halation were very early practised. The Scythians burned 
cannabis indica and inhaled its fumes to alleviate pain. 
Snow has, however, pointed out that most of the drags, 
the fumes of which were supposed to induce anieathetic 
sleep, were really non-volatile, so whatever effect was pro- 
duced must have arisen from the evaporation of the spirit 
used in preparing the solutions. 

In more modern times little advance was made nntil 
the last century. Moat surgeons were contented to put 
their patients deeply under opium. Many "Drowsy 
Syrups " were employed in the middle ages. The cele- 
brated " Spongia Somnifera" of Theodoricua of Lueoa 
(1208) contained opium, hyosoyamus, cannabis indica, 
mulberry, mandragora, conium, wood ivy, lettuce, and 
water hemlock. Boccaccio, Shakespeare, and other writers 
frequently refer to potions given to dull the senses while 
amputations, etc., were performed. Such a draught was, 
it is said, given to Augustus, Zing of Poland, by hie 
favourite Surgeon, Weiss (1762), without the monarch's 
knowledge, ao that the royal foot ooald he removed with- 
out pain. . 
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i la 1661, Greatrakes, a profesBional " sh'oker," prac- ^^ 

F tised aniesthetic mesmerism. He exploited his art before ^H 
Charles II. In a MS. dated tweoty years later, one 
Denis Papin, wrote that he possesBed the means whereby 
he could abrogate all painful sensations during a surgical 
operation, bnt what his method was, was left unexplained. 
In the 16th and 17th centuries Valverdi and others 
operated upon patients stnpefied by compression of the 
r carotid arteries, so depriving the brain of blood. In this 
practice they seem to have been anticipated by the Assy- 
rians, who are reported to have compressed the vessels of 
the neck to render painleas the operation of circumcision. 
James Moore, an English surgeon, in 1784 revived a 
suggestion, originally made by Ambroiso Par^, that com- 
pression of the nerve-trunka should be practised before 
cutting the areas supplied by them, and John Hunter 
actually took advantage of the plan, and amputated a leg 
in St. George's Hospital after firmly compressing the 
crural and sciatic nerves. Wardrop (1832) proposed to 
operate upon patients rendered unconscious by bleeding 
them until syncope resulted. Eicherand and other sur- 
geons adopted the plan of rendering their patients in- 
toxicated before applying the knife. 

A departure in an entirely new direction was made by 
Mesmer, and hJs followers, who averred that patients 
thrown into the " magnetic state " (i.e. hypnotised) could 
be surgically treated without any pain or inconvenience. 
Long before Mesmer lived, a behef had been current that 
the natural magnet possessed powers which were both 
curative of disease and capable of establishing anffistheaia. 
Thus Cardan (1584) recounts how the magnet could be 
employed to abrogate pain. The germs of the facts now 
known and accepted under the terms animal magnetism 
and hypnotism bore a fruitful harvest of windy worde, 
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ParacelflUB, Glocenina, Burgrave, and others, contributing I 
largely thereunto. By Anthony Mesmer (bom 1734), Low- i 
ever, the matter was advanced from theory to practice, 
and although we may carp at Meemer as a charlatan and 
a quack, we must accord to bim a meed of gratitude for ' 
establiBhing upon a practical basia a theory which before 
his age was lost iu useless verbiage. In 1776, Mesmer 
publiehed his work, " The Influence of the Planets in the 
Cure of Disease," which maintained that the celestial orbs 
exercised, by means of "animal magnetism" — an all- 
pervading Suid, an influence benign or mahgn on liuman 
beings. Fourteen years later, in conjunction with a Jesuit 
called Father Hell, Mesmer undertook the cure of disease 
at first by means of the Magnet and steel " tractors," but 
finally by means of manual passes. The plaudits which 
at first greeted Mesmer in Vienna were ere long changed 
for the most hostile treatment, the learned bodies of hie 
own and other countries treating his writings with con- 
tempt and himself with contumely. Leaving Vienna, 
Mesmer exploited Paris, and here he founded the widely 
famed hospital whereat he treated a great number of 
pfltients. In 1785 a Eoyal Commission was appointed to 
enquire into Mesmer's pretensions, hut this and subse- 
quent Commissions unfortunately confused the issues in 
question, and while they decided that Mesmer and his 
immediate adherents were unworthy of credence, they 
failed to recognise the substratum of truth underlying 
their teaching and practice. After Mesmer's downfall the 
subject was kept before the world by the practice of the 
Marquis de Puysegur and the soranambulista. In 1829, 
Cloquet amputated a breast, the patient being rendered 
insensible through having been thrown into the hypnotic 
state, Elhotson, a firm behever in the practical uses of 
animal magnetism in surgery, employed it on several 
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occasions vitb success. Braid, of Manchester, in 1841 
made considerable trial of what he called the "neur- 
hypnotic trance " as a means of prodncing surgical anes- 
thesia. Similar experiments were carried ont in India 
by Dr. Esdaile, who performed no less than three hundred 
operations upon patients in the hypnotic state. Ephemeral 
attempts have from time to time been made to revive the 
practice of hypnotism for the induction of amestbesia with 
but partial success. It has been found that while only a 
certain number of persons are capable of being completely 
hypnotised, even these, as a rule, require many seances 
under the hands of the magnetiser before the requisite 
degree of iusensibihty to pain is attained. Again, the 
mental state thus called into existence is In a large num- 
ber of cases highly prejudicial to physical and moral well- 
being, and hence the consensus of opinion at present is 
rather adverse to the employment of hypnotism in auEes- 
thetic practice, save in very exceptional circumstances and 
under carefully guarded conditions.* 

In the 18th century the history of discoveries concern- 
ing anffisthetic methods becomes merged in that of the 
progress of chemical research. Hales, Lavoisier, Priestley, 
and Cavendish, opened up rich stores of knowledge by 
their discoveries in connection with the gases. Oxygen, 
nitrogen, nitric oxide, were prepared and closely studied, 
and, in 1772, Priestley added uitrmis oxide gas to the list. 
Pneumatic chemistry, till then unknown, became the ab- 
sorbing theme among chemists, while physicians sought 
to bring the recent discoveries to account by pressing 
these gases into the service of medicine. Dr. Beddoes in 
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1798, assisted with finances by Wedg«ood, the renownedll 
potter, Inangorated his Pnenmatic Institntion at CUftoDri 
where he proposed to treat phthisis and maaj other dis- 
eases by inhalations of varioas gases. 

The Pneumatic Institute is interesting mainly because 
its first superintendent was Humphry Davy, who prose- 
cuted therein hia researches concerning nitrons oside and 
other gases. In 1799 Davy discovered that " as nitrous 
oside, in its extensive operation, appears capable of de- 
etroying physical pain, it may probably be used with 
advantage during surgical operations in which no great 
efi'usion of blood takes place." Davy substantiated his 
statements by most careful experiments upon the lower 
animals, extending Hales' research, which had been con- 
fined to mice, and demonstrating many facts, the practical 
uses of which were not appreciated for more than forty 
years later. But his philosophic mind did not content 
itself with limiting his experiments here ; ho actually 
inhaled the gas and found its influence to assuage th» 
pains of toothache, and in his " Researches " are recorded 
his own sensations and the behaviour of others after in- 
haling nitrous oxide gas. Early in the nineteenth century 
Dr. Hickman, a London surgeon, suggested that he had 
discovered a painless mode of operating. This was pos- 
sibly achieved by the patients inhaling carbonic acid gas^ 
but his statement met with scant favour. 

The discovery made by Davy was not brought within' 
the field of practical application until Horace Wells, & 
dentist of Hartford, Connecticut, conceived the idea of 
using nitrous oxide gas aa an anesthetic for tooth extrac- 
tion. Wells went to a popular lecture delivered before 
the inhabitants of Hartford by a Mr. Colton, an itinerant 
lecturer on chemistry. During the performance one of 
the audience inhaled an impure sample of nitrous oxide 
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gaa and became very excited. In tlie course of his gyra- 
tions this individual wounded his leg but felt no pain, a 
circumstance of which "Wells was not slow to take notice. 
The foUowing day, Dec. 11th, 1844, Mr. Colton at the 
request of Wells administered gaa to him, and during the 
ensuing uuconsciousnesa, a Mr. Eiggs, another dentist, 
extracted a molar from Wells' jaw. Wells, as he regained 
consciousness, cried out, "A new era in tooth puhiug. It 
did not hurt me as much as a prick of a pin. It is the 
gi'eatest discovery ever made." 

After successfully employing gas as an aufesthetic 
among his own patients. Wells essayed a pubhc demon- 
stration in the operating theatre of the Boston General 
Hospital. The person experimented upon was not ren- 
dered completely nnconscious, and gave unequivocal signs 
of having felt pain. This failure not only ruined Wells, 
who became insane, and finally died in prison hy his own 
hand, having inhaled ether to ensure euthanasia in 1848, 
but it also discredited nitrous oxide as an anasthetic. 

With the death of Wells and the introduction of ether 
as an auKsthetic, the vogue of nitrous oxide, for the time, 
ceased ; but Colton, remembering his experience at Hart- 
ford, revived its use in 1863. Lee Eymer in England and 
Hermann in Germany undertook (1864-6) some experi- 
ments with nitrous oxide, and the important investigation 
of Erishaber followed in 1867. 

Subsequently Colton induced various dentists to experi- 
ment, and in 1867 he was able to give a record of 20,000 
successful cases. In 1868* the antesthetic properties of 
nitrous oxide gas were successfully demonstrated at the 
Dental Hospital of London, and a committee of the lead- 

• Cullon, while Id Paris, met wifh the «el1-knaKn dentist, the lato Dr. 
KvaiM. mainly owing to who«j energy anri mnnlflcence Colton'a aiipumtun ' 
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ing English dentists vas formed. The two reportsi 
published by these gentlemen, and read before the! 
Odontological Society of Great Britain, spoke in warmest J 
praise of the agent, and practically established its claims 1 
as a safe and eflicient anEesthetio for short operations, : 
epite of considerable opposition on the part of certain 1 
members of the medical profession, who denounced nitrons ■ 
oxide as unsatisfactory and dangerous. 

The enthusiasm and ingenuity of Mr. Clover played no 
small part in obtaining the adoption of nitrous oxide for 
genera] use. It was shortly afterwards that Mr. Clover 
BUggeHted what may be called one of the most important I 
improvements in practical aniesthetics, the employment o£ J 
nitrous oxide as a preliminary to the inhalation of ether. 

The discovery of ether is attributed to an Arabian J 
chemist, Djaber Yeber, and its method of manufacture to 1 
Dr. Michael Morris, who also suggested that it could l 
used with advantage in medicine by inhalation.''- 

The general properties of ether, and its value as an I 
inhalation, were well known before its use was suggested 
for the purpose of obtaining auiesthesia. In Pereira'B 
work on "Materia Medica and Therapeutics," publishecl ■ 
in 1839, it is expressly stated that when ether is inhaled 4 
to produce a sedative effect in spasmodic diseases, there ' 
is a danger that the patient will become stupefied unless 
the ether vapour is sufSciently diluted. Its introduction 
as an anffisthetic, however, is commonly held to be due to 
American enterprise. It was fairly well known, and its . 
properties recognised, as early as 1785, when Dr. Pearson, 
of Birmingham, employed it as an inhalation for asthma^ 
find early in the last century it was ased in the treat 
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ment of phtluBia, In 1S18 a paragraph appeared in the 
Journal of Science and Arts, which, although unaigned is 
generally supposed to have emanated from the pen of 
Faraday; it runs: "When the vapour of ether is mixed 
with common air and iuhaled, it produces effects very 
similar to those occasioned by nitrous oside," Then 
follows an account of an experience with ether ; a gentle- 
man who inhaled, hecame "lethargic," and so remained 
for thirty hours. Facta about the narcotic properties of 
ether were rapidly brought to light, and the writings of 
Orfila, Brodie, Giacomini, and Christison, all give more 
or less accurate accounts of the stupefying effects of ether. 
About the year 1840 it was a common trick at lectures 
and among medical students to inhale ether-vapour in 
order to induce exhilaration. A number of lads were 
indulging in this pastime in the outskirts of Anderson, 
South Carolina, and to stimulate further their mirth they 
seized upon a negro boy and forced him to inhale ether, 
pressing the vapour upon him until he became deeply 
narcotised and apparently dead. In an hour, however, 
to the dehght of his tormentors, the negro resumed con- 
ficiousnesa. This scene impressed itself so deeply upon 
one of the lads, named Wilhite, that when three years 
Bubsettuently he became the pupil of a Dr. Crawford Long, 
of Jefferson, Jackson County, U.S.A., he narrated to him, 
it is said, his experiences of ether. 

Dr. Long published in 1849 a statement that he had 
in 1842 administered ether to a patient, and while the 
patient was thus narcotised, a small tumour was pain- 
lessly removed. The same surgeon employed ether as an 
snfflsthetio ou several subsequent occasions with a like 
aucoesB. Dr. Long, however, only employed ether a few 
tdmes, and made no attempt, until after Morton's public 
demonstration of the efficiency of ether as a general anffis- 
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thetic, to extend his practice of ether giving for the benefit 
of mankind. Dr. Long '^ appears to have acted in ail c 
donr, he had adopted a great invention, hnt failing to 
recognise its immense possibilities he left for others a 
discovery which he had made and underrated. Other 
medical men also about this time employed ether for 
surgical amesthesia. A student named AVilliam Clarke, 
in 1842, administered ether at Rochester, New York, to 
a patient for tooth extraction, and Dr. Marcy, also KjJ 
American, operated upon an etherised patient in 1844. fl 

However, the employment of ether as a general aniss^ 
thetic is more usually associated with the name of Morton, 
a dentist of Boston, William T. G. Morton was a pupil 
of Horace Wells, and from his master he gathered his first 
impressions concerning artificial antEsthesia. It would 
subserve no useful purpose to open up the miserable 
quarrels and recriminations which have been connected 
with Morton and his share in the introduction of ether oefl 
an antesthetic. It will he best, therefore, merely to stal^l 
the facta as far as possible without bias, ^ 

Wells made Morton his partner in a dental practice he 
proposed to start in Boston. The removal from Hartford 
to Boston was consequent upon a discovery Horace Wells 
had made of some solder with which he hoped to achieve fl 
great things, To confirm his own estimate of the valntg 
of this solder ho called in a Dr. Jackson, a ecientifi 
chemist, who expressed a favourable opinion, HoweverJ 
the partners soon fell out, and Wells returned to Hartford J 
leaving Morton in Boston. The latter asked Wells foi? 
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in as to the prodnctioa of nitrouB oxide, and ^H 

im referred to Dr. Jackson. It was suggested ^H 

by the chemist that trial should be made of sulphuric ^M 

ether instead of laughing-gas, eince it was more easily ^| 

obtained. Acting upon the suggestion, Morton set to ^| 

worli. with great assiduity to experiment, using chloric 
ether. He induced two Btudents, Spear and Leayitt, to 
inhale ether, but the results were unsatisfactory. He 
next tried doge, and, again at Jackson's instance, used 
rectified ether, inhaling it from a tube attached to a flask. 
This is the story of Morton's discovery, given in his own 
words : " I procured the ether from Burnett's, and, 
taking the tube and flask, shut myself up in my room, 
seated in the operating chair and inhaling. I found the 
ether BO strong that it partially suffocated ine, hut pro- 
duced a decided effect. I then saturated my handkerchief, 
and inhaled from that. I looked at my watch, and soon 
lost conBciousnesB. As I recovered I felt a numbness in 
my limbs, with a sensation like nightmare, and would 
bave given the world for some one to come and ai-ouse 
me. I thought for a moment I should die in that state, 
and that the world would only pity or ridicule my folly. 
At length I felt a slight tingling of the blood in the end 
of my third finger, and made an effort to touch it with my 
thumb, but without success. At a second effort I touched 
it, but there seemed to be no sensation. I gradually 
raised my arm and pinched my thigh, but I could see that 
aensation was imperfect. I attempted to rise from my 
flhair, but fell back. Gradually I regained power over ray 
limbs and full consciousness. I immediately looked at 
my watch, and found that I had been insensible for 
between seven and eight minutes." A patient, Eben 
i'rost, requiring to have a tootli out, and fearing the 
pain, requested Morton to mesmerise him, but Morton 
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promptly Beizad hia chance, and persuaded him that I 
knew R far better means of preventing the pain. Then 
oxporiment was made, and on September SO, 1846, ethai 
was nuooeasfully given by Morton and a tooth painlesslyj 
rcmoveil. The " discovery " was reported to Warren, the I 
wolIOtnown Burgeon, and by his consent a patient was 
ntliorised iu the clinical room of the Massachusetts 
GoDOral Hospital. The experiment was repeated, and 
each time proved n remarkable succeea. Warren, how- 
ever, Bubetitutcd chloric for sulphuric ether in subsequent 
oporations and is said to have preferred it."*' 

The possibility of narcotism by inhaling vapours ha" 
become an aocomplished fact, it became necessary to find., 
words expressing the agents used and the state induced^ 
Morton adopted the term " Letlieon," but this word soonf 
full into desuetude after the suggestion by Oliver Wendell 
Holmes of the expressions Anffisthesia for the state^ 
Aniusthctia agcut for the drag employed. SimpsoBj 
regretted that the word Nodynia had not been accepted 
rather than Amesthesia. 

In England, the first administration of ether took plaotf' 
iu Gower Street, London, close to University College' 
Hospital, when Mr. Robinson, a dentist, gave ether and 
removed some teeth. This took place on Saturday, 
December 19, 1846, at the bouse of Dr. Boott. On 
Monday, December 21, Listen amputated through the 
thigh iu University College Hospital, the patient being 
placed under the infinence of ether by Mr. Squire 

Dr. Suow, early in 1847, commenced the successful J 
administration of ether in St. George's Hospital, but upoo I 
the introduction of chloroform he gave up ether for it« J 
more pleasant but possibly less safe rival. 
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On January 19, 18-17, Dr. (afterwards Sir Jamea Young) 
Simpson administered ether to a woman in cLildbiitb, 
and Hnbsequently adopted it in his obstetric practice. 
Notwithstanding the favourable experiences of icany, 
ether was not rendered popular for some years subse- 
qnently. The methods ia vogue for its admiaistration 
were far from satisfactory ; many patients never got 
beyond the stage of exhilaration and wild excitement, 
and their struggles and bacchanalian shouts were pro- 
nounced highly embarrassing to the operator. These 
considerations led Liston and other eminent surgeons to 
regard ether with suspicion, and made them diffident in 
invoking its aid. However, up to November, 1847, 
the time of Simpson's world-famed pamphlet. " Notice 
of a New Aniesthetic Agent as a Substitute for Sul- 
phuric Ether in Surgery and Midwifery," ether was 
slowly hut surely winning its way as a safe and trusty 
aniesthetie. With the introduction of chloroform, came 
the coup tie ynice to the predominance of ether. With 
an almost incredible rapidity chloroform supplanted her 
elder sister, not only in Great Britain hut almost through- 
out the world ; in America, however, many surgeons 
still clung to ether. The story of the introduction of 
chloroform into Great Britain is soon told. Sir James Y. 
Simpson,"' not wholly satisfied with ether in obstetric 
practice, asked Sir. "Waldie, the Master of the Apothe- 
caries' Hall of Liverpool, if be, as a practical pharmacist, 
knew a substance likely to be of service in producing 
aniesthesia. Mr. Waldie being acg^nainted with the com- 
position of "chloric ether" suggested that its "active 
principle," chloroform, should be prepared from it and 

■ For an Intere^tlnR accoUDt of Siuipsua'D work io conDoct[oD wllh ttae intro- 
auction o( chlotofonn, !iee " Sir Jnmea Y. Simpson" tn Famous Scots fSer 
Also we Simpson's ■'CoUacted Works," vol. ii., -AnrBstliesia." 
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u&ed. He never carried ont bia promiee to prepare Bome I 
for Simpson to try, and eo the deeired Bubstance was ' 
obtained in Edinburgh, and Simpson experimenting on 
himaelf, George Keith, and Matthews Duncan, on Novem- 
ber 4, found its use perfectly satisfactory. He at once 
tried chloroform in his obstetric practice and met with 
BUCceBS. 

The favourable opinion he had formed he expreased in 
liie paper read before the Medico- Chirnrgical Society of 
Edinburgh, November 10, 1S47. On November 15, 1847, 
the first surgical operation was performed at Edinburgh, 
upon a patient who was under the iufliience of chloroform. 
It is curious to note how narrowly several persone escaped 
dieeovering the value of chloroform as an anfflsthetic. 
Thus, chloric ether, a twelve per cent, solution of chloro- 
form {by volume) in spirits of wine, was employed by 
Dr, Bigelow, of Boston, but with only partial Buccess. 
Jacob Bell, of London, however, actually produced insen- 
Bibility by its use an an inhalation, and Sir William 
Lawrence, the surgeon, employed it alike in private and 
hospital practice. Chloric ether was also 
St. Bartholomew's and the Middleses: Hospitals, but the 
great uncertainty of its action and the expense of pro- 
curing large supplies effectually prevented it from gaining 
ground as an ancesthetic. 

Mr, George Foy='- has pointed out that in Silliman'a 
American Journal of Science and Art, January, 1882, 
Professor Ives of Newhaveu, reports a case, in which 
chloroform was employed as an antesthetic. Guthrie, 
an American chemist, was induced by a statement in 
Billiman's " Chemistry " that an alcoholic Bolatioii of 
ohlorio ether was a valuable stimulant, to attempt a 
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cheap way of prodacing it.* Gathrie gives directions for 
the diaUllation of chloride of lime and " well flavoured 
alcohol" of sp. gr. 0'844. Soubeiran's account of his 
discovery of chloroform, made apparently without any 
knowledge of Guthrie's work, appeared six months after 
Guthrie's MS. was in the printer's hands. About the 
same time another independent observer, Liehig, pub- 
lished an account of chloroform, but he failed to recognise 
in his analysis the presence of liydrogen, and therefore 
regarded the material as a chloride of carbon. It was not 
until 1884 that Damas adopting more exact methods re- 
vealed its true chemical composition. 

Chloroform was experimentally studied by FlonreDS in 
1847, bot no practical uses were made of hia work. For 
some while chloroform was believed to be a "safe anies- 
thetic," an impression to which the language of Simpson's 
pamplilet rather lent itself, although certainly no explicit 
statement to that effect can be found. Unhappily this 
belief received a rude shock when on January 28, 1848, 
a death from chloroform was reported at a place near 
Newcastle -on-Tyne. This untoward occurrence was soon 
followed by other deaths, and men's minds became 
anxious. At this pass Snow, with that earnestness and 
acumen which characterised all he undertook, commenced 
his researches into the subject. In 1848, he pubhshed 
bis " Experimental papers on narcotic vapours." 

Although Snow had improved upon the methods in 
vogue for exhibition of ether by the invention of his in- 
haler, be did not vaunt its merits above other narcotics, 
and in 1847 he perfected his chloroform inhaler, being 
actuated by the belief tliat that aniesthetic kills through 
being used in too concentrated a vapour. Snow's experl- 
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ence, like that of most others, made him regard chloro- 
form ae dangeroQE, and so in 1856 he was («mpted to 
investigate amjlene, of which sabstance he entertained a 
high opinion. 

A committee appointed by the Bojal Medical Chirur- 
gical Society of Great Britain to investigate tlie snbject of 
aniesthesia tendered their report in 1864, and this report 
strongly insisted both upon the danger of chloroform and 
tbc inconvenience of etbor as then administered. Many 
suggeBtions, snch as the nse of the A.C.E. mixture, were 
embodied in the report, some of which Clover, who had 
then achieved a high reputation as an amestbetist, was 
not slow in carrying to a practical issne. In 1862 Clover 
bad constructed and pubbsbed an account of bis chloro- 
form apparatus by which be regulated the percentage c 
vapour administered. 

Pollock and Warrington Haward in this country ^ 
keenly alive to the dangers of chloroform, and they lo^ 
no opportunity of urging the use of ether, an advocacy foJR 
which we must always feel grateful. As time went < 
Clover was less and less inclined to use chloroform, Poj 
minor operations be found nitrous oxide gas given by li 
apparatus to answer best, and be was led to seek BomsA 
means for prolonging antesthesia so obtained. This ho^ 
achieved by the employment of ether in succession to 
nitrous oxide, for which he soon devised an admirable 
apparatus, described in the British Medical Journal in 
1870, It may be remarked that this inhaler ia at the 
present time less known than its merits deserve. Sub- 
sequently his portable regulating ether inhaler was 
introduced, and it was mainly by the compactness and 
efQoienoy of this instrument that the practical question 
"How to give ether rapidly and safely?" became 
answered. In latter years Clover adopted the use ofj 
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bicliloride of etbidone, first introduced ander the name of 
'■ monochlorurretted chloride of ethyle" hy Snow in 1S51, 
but Clover's record of 1877 with one death did not lead to 
the general adoption of this new auiesthetic. In 1879 the 
British Medical Association uDdertoolt to reinvestigate the 
question of "the relative safety of tlie varions aniesthetica, 
and appointed a committee to carry out experiments. 
The conclusions to which this, the " Glasgow Committee," 
arrived were in favour of ether, as they found chloroform 
lowered the blood pressure and depressed the action of the 
heart. In 1889 the Nizam of Hyderabad, at the sugges- 
tion of Surgeon Lie tit. -Colonel Lawrie, granted a consider- 
able sum of money to re-open the question, and the first 
Hyderabad Commission, working upon small mammals in 
India, came to conclusions more favourable to chloroform. 
As these investigations were not held convincing by 
English expM-ts, a second Hyderabad Commission, in 
which Sir Thomas (then Dr.) Lauder Brunton assisted, 
went over the ground again, and corroborated the results 
before obtained by the first Hyderabad Commission. 

The Lancet, with public -spirited zeal, undertook and 
carried out an exhaustive Beport dealing with the clinical 
evidence on the uses of chloroform and other amesthetics, 
and published it in 1893. The results of clinical observa- 
tions therein embodied did not bear out all the statements 
of the Hyderabad Commission. The British Medical 
Association as a result of a discussion held at the Annual 
GeneralMeetingatBonrnemouthiniagi, when the present 
writer read a paper on "The Clinical Aspects of Anies- 
thesia,"* appointed a Committee to study the question. 
The report of this Committee appeared in 1900, and con- 
tained an analysis of 25,920 cases In which 
bad been given and records kept. 
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The imporiftnt researches of Gaskell, Hare, Leonard Hill, 
McWilliam, Shore, Waller and Wood, have all appeared 
within the last few years and have kept alive the con- 
troveray which haa existed ainoe the initial nae of chloro- 
form. These esperimeutal results are considered more at 
length in the chapter dealing with chloroform. 

It is not within the scope of this book to notice in detail 
the more recent work which has been sufficiently con- 
structiTB to deserve a mention in the history of the 
subject. It may, however, be noted that Dr. Embly, of 
Melbourne, by an important research has increased our 
knowledge of the obscure subject of vagua inhibition 
during narcosis. Thia and other researches appear in 
the Transactions of the SociHy of AnmsthetUU, a society which 
haa done much to promote an intelligent study of anses- 
thetics. The British Medical Aeaociation (1901) haa again 
testified its pubho spirited interest by appointing a further 
Cominittee* to investigate methods of quantitatively deter- 
mining the preaence of chloroform in the air and in the 
human body. The work of this Committee haa already- 
been fruitful in much valuable research, 

• The Cranmittwo as Hrat appointed eonBisted of Dr. Barr, Dr. Dndlej' BnitOD 
(Seeroury). Mr, Vemon Barcourt, F.B.B., Sir Victor Horsley, V,a,M„ ProtBsaor 
Hhenington, F.B.S., and Dr. A, D. Waller, F.B.g. 
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CHAFTEB ^^^^1 

PREPARATION OF A PATIENT AND 
CHOICE OF AN ANESTHETIC. 

Best time for taking an ansBsthetio. — Altliough 
the anesthetist fieldom has the choice of time given to 
him, the Beloction of a suitable hour for the operation is 
not a matter of indifference in administering an anffla- 
thetic. Tlie effect of anssthetiBation upon the robust 
may be considered trifling and transient, yet when the 
person to be anfesthetised is an invalid, and either weakly 
or neuraBtbenic, the inhalation may have both a danger- 
o«s and prolonged infiuonee. Individuals are more liable 
to after-effects of an nnpleasant character when their 
bodily condition ia one of nervous eshauatiou and lowered 
■vitaUty, It is inadvisable, therefore, nnlesg over-riding 
circumstances exist, to give an aniesthetic after an unduly 
prolonged fast. Similarly, it is unwise to select an ad- 
vanced hour of the evening when the body will be spent 
after a day of activity or suffering. 

Dietary. — Further, an anseathetic should not he given 
within three hours of a meal of food not easily digested, 
as a, full stomach impedes the production of narcosis and 
excites vomiting. This last occurring during partial nar- 
cosis may occasion fatal accidents through solids being 
drawn into the air passages. It is well to select the 
periods of greatest vital activity, and this is found in most 
persons in the morning (8 a.m.) or early afternoon {2 p.m.). 
Speaking generally it is well to arrange for a very light 
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meal of soft and easiiy digested matters to be taken three, 
or better four, hours at least before the surgeon arrives. 
But it is best when possible, uulesa the patient be in a 
very feeble state of health, to adopt Clover's rule, and give 
the last meal five or eis hours before the operation. In 
the case of robust adults when the operation is to take 
place in the early morning, no food need be taken after the 
overnight dinner. This meal should consist of either broth, 
strong beef tea, meat jellies, or easily digested foods, vary* 
ing with the time of the day, and the choice of the patient. 
Milk, if taken by itself, is very apt to form curd in the 
stomach, and to be vomited up in the course of the opera- 
lion in hard masses. This is especially liable to 
the case of young children. Dilution with barley wateij 
will often obviate the clotting. It is not wise to make thM 
administration of stimulants before an anesthetic a mattei 
of routine. In every instance it is recommended that the' 
bowels be cleared overnight with a laxative, and followed 
in the morning by an enema. A still better plan is, 
the patient is under control for some days before the 
operation, for the bowels to be cleared out by medicine 
given on the second night before the aniesthetic is admin- 
istered, followed by an enema ou the morning of th&J 
operation. But some surgeons prefer, in the case i^i 
abdominal sections, to dispense with purgatives, and givsf 
copious enemata daily for a week before operation, 
Patients are spared much discomfort if they are dieted^ 
for a day or two before the operation. Only light nutri- 
tious foods should be given. The bowels should he 
carefully regulated. It often happens that a strong' 
purgative, given the night before an aniesthetlo is admin- 
istered, upsets the digestion, and in bilious sahjeots 
increases the after sickness. It is also us well to avoid. 
as far as possible, interference with the usual hour of the 
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patient's meals, as food taken 'when the Btomacb is not 
accuBtomed to it, is liable to remain undigested and to 
cause vomiting. Tliis ia still more important in tlie case 
of the weakly or tiiose enfeebled by disease. A prolonged 
fast, or too free purgation, is very liable to produce syn- 
cope and other dangerous eymptoma at the time of the 
operation. In feeble subjects a nutrient enema of beef tea 
and brandy, or a nutrient suppository may be given half 
an hour previous to the operatiou. This is in all cases a 
better plan than giving alcohol by the mouth. 

Tbe following is a condensed form of a useful regimen 
to be adopted at the time of an operation other than in 
abdominal cases : — 
Operation at 9 a.m. 

Beef tea or tbin corn flour may he given at 6 a.m. 
if the patient's condition renders it desirable, other- 
wise it is better for bim to abstain from food. 

After the operation at 9 a.m. completed by 10 ; if 
sicknese occur very hot water may be given in sips 
from a feeder or porcelain spoon. At 2 p.m. essence 
of beef in jelly ; if much thirst ice may be sucked, or 
iced Boda and milk taken. 

If very prostrate from vomiting, iced champagne or 
brandy and soda water. 

At 6 p.m. a light meal of fish, unless the vomiting 
has persisted. 
Operation at 2 p.m. 

Breakfast at 8, tea or thin cocoa, bread and milk, 
fish, but no meat. 

Clear soup or beef tea in small quantity (free from 
fat) if desired, at 11 a.m. 

After the operation at 2, over at 3. 
Bread and milk, or biscuit and tea or cocoa, at 
7 p.m. 
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Some surgeons feed their patieuts by nntrient enemat 
for forty-eight lionra after the operation, with the view 
leseening after Biclcness. When tliis is done it iB well 
let the patient sip hot water to allay the thirst wl 
otherwise may prove almost intolerable. 

When nitrous oxide alone is given, snch preparation 
may be omitted. Even then it is well tliat an interval of 
some hours, preferably three or fonr, intervenes between 
the last meal and the administration. Fasting for several 
hours is best for patients who have to take nitroaa oxic 
with oxygen, or chloride of ethyl even when for deni 
operations, as nausea and vomiting are not infrequent 
after these antesthetics. In the case of children especially, 
it is well to see that they pass water before being antes- 
tlietised, as micturition is often performed unconsciously 
whilst under the influence of gas. 

Preparations for ansesthetio. — Assuming thi 
the pbysietil condition, as far as is necessnry, has be* 
examined, the patient about to be anffistbetiecd should 
placed in the recumbent position, except in the case 
dental operations under nitrous oxide. The clot 
should be carefully loosened, corsets gaite undone, net 
bands left open, and waist belts removed and strinj 
untied. It is important that the patient be as ( 
posed as circumstances will permit, for while tranquility- 
of mind and body go far to assist in the production of 
aniBstbesifl, anxiety and uneasiness will greatly retard its 
accomplishment. The patient should now be asked ttv 
open hie mouth, and a glance given to ascertain if any 
artificial dentures or an obturator, &c., be worn. Such, 
if present, mast be removed with as little annoyance to 
the patient ae possible. It is wise to notice whether any 
loose teeth are in the mouth, as if it has to be opened with, 
a gag the teeth may be disengaged and enter the air pas- 
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Bages. AuyobviouB obstruction Bach as a goitre, enlarged 
tonsils, hypertropliied uvula, nasal polypi, Ac, should be 
noticed, A further step may be taken in reassuring the 
patient by a few cheery words, and if necessary, directions 
as to how he is to take the anesthetic. Such instructions 
are often of marked service by giving him something 
about which to think. 

When, however, the antesthetic ia once well on the way, 
quietness and sUence must be maintained ; noise— especi- 
ally in the case of nitrous oxide — militates considerably 
against easy and tranquil anEGsthetisation. 

Avoid conversation especially about cases of patients 
who have died or suffered mishaps. A person going 
under an aofesthetic is apt to obtain a confused notion that 
the remarks apply to him and will grow nervous and 
excited. 

Some conditions require special preparation of the 
patient. In operations for straagulated hernia, intestinal 
obstruction, and other cases, when constant vomiting is 
present it is best that the patient's stomach should, if his 
condition permit of it, be thoroughly cleansed, its con- 
tents being withdrawn by lavage and washing out with 
warm water. This precaution will obviate the fatal 
aspiration of vomit into the air-passage during anieathesia. 

It is also well when the patient is weakly to wrap him 
warmly in flannel or cotton wool, as prolonged operation 
under an auiesthetic usually occasions a considerable fall 
of temperature and renders the patient more liable to 
shock, bronchitis, and pneumonia. 

The room in which an antesthetic ia given should be 
well ventilated, but ought to be kept at a temperature of 
65° or 70° F. It is undesirable to have gas burning in it 
as when chloroform is being used that anesthetic becomes 
decomposed acid fumes being generated which are not 
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only very irritating to tlie eyes aud throat bnt deleterious 
to the patient aud all in the room. It is always best that 
preparations for the operation be made out of sight and 
hearing of the patient. It may not be out of place here 
to insist upon the extreme importance on the part of tho 
anteetlietist as regards cleanliness. All apparatus 
ehould be carefully cleansed before use, aud the hands 
and nails rendered absolutely clean. Not only i 
unpleasant for the patient to Bee a discoloured hand near 
his face, but frequently the hands and apparatus of the I 
aniesthetist cannot be kept out of contact with the area of] 
operation and may be a source of infection. 

It is never desirable to administer an amesthetic to i 
patient on his bed, and subsequently carry him into thftB 
room in ivhich the operation is to be performed. It is apt'V 
to cause vomiting. I have also more than once seen J 
alarming faintness occasioned by lifting the patient on to J 
the table after he was carried from one room to the other, f 
If, however, on account of the patieut's extreme nervous- 
ness, or for other reasons, it is deemed best to anfesthetise 1 
Inm in an anteroom, the utmost care must be taken in 
carrying him into the operation room. Adults are best 
carried by four persons, each taking a corner of the sheet 
or blanket on which the patient is lying. The same care 
should be taken in replacing him in bed after the c 
pletion of the operation. No patient should be left alone . 
until he has fully regained consciousness, as the state of J 
returning volition has special perils. The dangers i 
looked for and guarded against are (1) the head may be 
rolled into a faulty position and respiration impeded, (2) 
the patient may become aaphysiated by vomiting when 
his head is not turned to the side, (3) the patient may j 
suddenly sit up as in the act of vomiting and faint. 

Vomit is often very irritating especially if bilious. I J 
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I know of one case is which the Quid was allowed to go into 

■ tiie eye, that organ becoming inflamed and painful for 

■ Bome hours subsequently. Possibly the vapour of chloro- 
B form which is condensed in the mouth and swallowed may 

■ account for the deleterious character of the vomit. 

f The choice" of aJi ansBsthetic must depend on 

1. The condition of the patient. 

2. The necessities of the operation. 

I. Condition op Patient. 

The choice of an anffisthetic in any case can only be 
satisfactorily made after a careful examination of the 
patient, and the nature and probable severity of the 
Operation to be performed have been ascertained. 

Besides the actual malady for wJiich operation is 
proposed, it must he ascertained whether intercurrent 
pathological conditions arc present. 

Examination of the patient.— The physician 
who ia in charge of the patient can usually give all 
requisite information about his general condition, but it 
is desirable that the aniesthetist should have the oppor- 
tunity of malciug a personal examiuatiou. When possible 
this should be done the day before the operation, as it is 
better not to expose or fuss the patient just before he sub- 
mits to the anffisthetic. The esaminatiou should be con- 
ducted as quietly and reassuringly as possible. 



GENERAL APPEAB4SCE, POSTURE. 

Much can be learnt by inspection. The colour of the ekin ; 

whether the hps and ears are bluish or anasmic ; pitting 

of the skin ; pallor or plethoric redness are all important 

• Tbe question wEth »bam IlfB tbe choice of the uneethetlc Is conaidered ii 
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signs. Alertness, or slaggialinesa or feebleness iu move- 
ment betokens vigor or tlie reverse. Tlie posture naturallf 
assumeil must bo noticed, aa it indicates both the presence 
of dyspncea or ortbopncea, and the position which is most 
fiiVDurable for the patient when under the aniestbctic. 
This is of great importance in cases of thoracic disease, 
empyema, and kindred troubles — also in cases of abdo- 
minal diBtension, especially wbeu tbe patient is obGec. 
The eye should be looked at, and dilatation or contraction 
of the pupila with the ocular movements noticed, 
should be ascertained whether belladonna, opium, or other 
drugs have been taken recently. The detection of artificial 
eyes is obviously useful. The presence of habits of exces- f 
sive indulgence iu alcohol or tobacco may with advantage ' 
bo investigated, as the former tends to produce delay and 
excitement during the induction of anastbesia, and the 
lattor not infrequently induces pharyngeal catarrh and 
intolerance towards ether. 

A fixed rigid chest with raised sboalders, as a rule,^ 
means a dangerous and difficult narcosis, even 
actual bronchitis is present. The plethoric and short ' 
necked, and the unduly fat with protruding abdomen, are 
always short winded and subject to respiratory difBcnltiea 
under the aniBsthetio, being very prone to spasm a 
the respiratory tract. This matter Is referred to iu a laten 
chapter. 

Too much importance should not be attached to thej 
pulse rate. It may run up to 100 or more in r 
people. The regularity in force and rhythm and com<1 
pressibility are of greater moment, and will give e 
to the condition of the circulation and to the patient's I 
resistive power against shock. Intermittouce of the pulssj 
is often congenital and unimportant, and can, if X)resent,1 
i""'""" be explained by the family attendant. In e 
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case the uriue, both as regards quantity and the presence 
of pathological constitueots, mnst be eiamined. If the 
cheet and abdomen can be stadied, the main points to be 
observed are; firstly, tbe general conformation of the chest 
and its moTemeuts; the presence of palsatdon and the area 
of cardiac impulse and dolnees ; the characters of breath 
and heart sounds, and if mnrmnrs exist, their character — 
■whether hiemic or not — and the direction of their conduc- 
tion. The evidence of Talvnlar disease is of less import- 
ance than whether the lesion they reveal is compensated 
or the reverse. If the impulse is feeble and the heart 
sounds distant, it is well to aseertain, as far as can be 
done, whether there are further signs of a fatty and feeble 
heart muscle. Such a condition is of very mnch greater 
import than mere intra-cardiac valvular disease unassoci- 
atcd with consequent pathological changes. 

Displacement of the heart from whatever cause ahonlil 
be most carefully noted, both because the condition may 
arise from intra -thoracic causes which are probably detri- 
mental to the respiratory or circulatory functions, or 
by pressure from the abdomen, a condition possessing 
its own dangers in the direction of inducing syncope, 
and because it may eviJenoe dilatation and hypertrophy 
with probable cardiac disabihties. Inspection of the neck 
must also be carefully made to determine whether there is 
any swelling or undue shortness and fulness, and if the 
veins are normal, dilated, or incompetent. Goitre, en- 
larged glands, inflamed areas in this region, will often 
cause respiratory difficulty, and unless a judicious choice 
of the aniEsthetic be made will possibly lead to disaster. 

The general inspection having been made, we may con- 
sider the condition of the patient more in detail. 

The upper air passages and thorax should be 
examined for any cause of dyspncea. This may arise 
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from natal obitruttioH, morbid groictlu blocking tixe naao- 
pbaiynx, reifetationi, polypi, die. : from ki/pertrophied tonsih or 
upiila : morbid growth* or adema of the palate, fauces, tongue, 
gums, or posterior pharyngeal wiJl [e.g., spinal abscesB) or 
lujnx. In stenosis narinm, and especially when associ- 
ated with valve-like inaiicking of the muscular lips of 
the edentulouB, inspiration becomes greatly hampered. 
Goitrous growths and swelliaigs, whether glajidular or 
not, are liable to interfere with breathing, the dyspnoea, 
as a rule iucreaEiug as the patient passes under the anfes- 
thetic. Epistasie may prove a troublesome complication, 
and any tendency to it should be borne in mind.* 

Tumours in the neck or thorax may, by pressure upon 
the trachea or bronchi, cause dyapncea, e.g., aneurism, 
lymphadenoma. Laryngeal cedema obstruction or paresis 
should be looked for. 

Diseased conditions of the nervom aijstem may caut 
interference with respiration through pressure upon thft 
spinal cord or pons, and upon the roots of the nerves 
ftsaooiated in the act of breathing. Thus I have on 
several occasions given chloroform to patients whose 
reapiratiou was solely diaphragmatic or greatly affected 
through injury to or disease of the spinal cord, by cere- 
bcllav and bulbar tumours. Conditions such as these 
would induce the antesthctist to minimise the quantity of 
chloroform given, as ordinary doses would prove fatal. 

I'litiiwnafg and pUural diseanes are referred to more in 
detail bolow. Dyspncea, accompanied or not with fever, 
oough, expectoration, hcemorrlinge, fixation of the chestr 
or uuoqual and impaired movements indicate the avoid- 
auoe of any uifesthetic or method of giving it which 

* 1'h« iMulblllty uf turclgD bodi«> paising from Iha alimcnCBiy tract into tha 
Uplwr ftiT {MUBMIH nhvulil l>« niBiembrrod, Bvildei ngarjciCatiaa of llnid!i, Ac, 
(Kim Um itiouauli. I h»vo uwi wiih a rase in whkh ponnil wocma ware paasei . 
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might iacreaae the respiratory embarraBBment. Ether, 
if forced, would, for example, almost asphyxiate in such 
conditions, but chloroform slowly given in a high dilation 
would be well borne and might in suitable cases be fol- 
lowed by ether from a regulating inhaler. 

The colour of the patient ia a material point in these 
conditions as well as when tho heart is working at ft 
disadvantage. Cyanosis, from whatever cause, increases 
tho risk of the aniesthetic, and every means should he 
adopted to obviate it, I have found oxygen serves better 
aa an adjunct to ether than to chloroform m. dealing with 
Guch conditions and in cases of marked cyanosis I have 
succeeded beyond expectation by using this method. 

Besides cj'anosis other symptoms, snch as the charac- 
ter of the artenai pulse, the iiiipithe and apex beat in the 
cardiac area, pallor, fenons or capillary cojigesiion, adema 
of the feet, should be noted, that the state of the circula- 
tion may be known. The quantity and character of the 
urine mast be considered. Both ether and chloroform 
may increase albuminuria, and ether when given in large 
quantities and for a long time is liable to set up nephritic 
catarrh. Whether ether acts as the determining agent or 
only as a factor in causing suppression of urine after 
severe operation shock is a moot point. Certainly it is 
advisable to limit the quantity of anKsthetie given if the 
kidneys are in any way morbidly affected. 

The abdominal viscera. — In cases of " stoppage 
of the bowels," and of intractable vomiting from whatever 
cause, the aniesthetist requires to be perfectly acquainted 
with the condition and to be upon the alert to obviate 
the dangers incident to the vomiting. 

When extreme thoracic or abdominal di»tension exists, 
e.y., pleuritic effusion, empyema, ovarian dropsy, renal 
and other tumours, peritonitis with much effusion, there 
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may be considerable iuterference not only witli respiiation 
but with circulatiou owing to cardiac diBplacement. Tbe 
antestlietic will in tliSEe cases cause increase iu tbe d^s- 
pncea and tendency to syncope unli>aa tbe greatest care is 
taken. Tbe suitable arrangemeut of the position of tlie 
patient's body so »s to give bim the easiest posture for 
breathing, and the very gradual adioiuistration of tb«, 
auEestbetic will combat these daugors. 

EOUTINE IN HEALTHY SCBJECTS. 

For all liiief operations, both in dentistry and general 
surgery, nitkous oxide gas may be advautageouely given. 
It cau be adnsinistered to infants and elderly people hb 
well as to adults. In all conditions in which any respira- 
tory difGculty esists, in cyanosis and in asthenic states, it 
is well to give it combined with oxygen, hut when that 
method cannot be pursned nitrous oxide with air {see 
p. 101) gives, in skilled hands, almost as good a result, 
although at present the methods of administering it are 
less precise. Aa an alternative to nitrous oxide, chloride 
of ethyl or somnoform are valuable aniBatbetioB for short 
operations, As they are more liable to produce sickuesa 
than ia the gas when administered by itself, tbe choice 
between tlie two agents must depend upon whether tbe 
risk of vomiting is deemed an insuperable drawback, 
With chloride of etiiyl or somnoform, a longer and some- 
what more profound narcosis is obtainable. 

Sex and age. — Difference of ses is really simply 
that of physique and musculature and must be considei'ed 
under those heads. Ether, either in succession to nitrons 
oxide according to Clover's method, or following chloride 
of ethyl, or given by itself, is tbe best and safest anres- 
thetic for general purposes alike for adults and children. 
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and should be adopted as the roatine method of producing 
nnoonBoiousness before operatious. There are, however, 
conditions which are often held as juBtifying a deviation 
bom this routine, and these are noticed below. It may be 
pointed out, however, that although apparently a long 
lifit, these conditions really represent a very small minority 
o£ cases when compared with the great number of in- 
etances in which ether should he adopted unhesitatingly. 

Childhood. — Infants and young children hear chloro- 
form well, and resent having their mouth and nose 
covered by a face-piece, an objection, although by no 
means an insuperable one, to the use of ether. In many 
■instances also ether produces much bronchial irritation in 
children, so that better amesthetics in these casce are the 
A.C.E. mixture, or one of chloroform and etlior. 1 can 
vouch from personal esperieuce that the plan which Dr. 
liuke adopts of giving ether hy an open method is a good 
one for young children. The ether is Rpriukleil upon a 
Schimmelbusch's or Skinner's mask and held over the 
face. I Lave for years used this plan in dealing with 
feeble anremic wasted children with success and satisfac- 
tion. I have, however, found that in most cases if you 
win the child's confidence he will take nitrous oxide 
well and ether can then be given in succession. Patience 
rather than force will usually Bueceed. It is important to 
give ether lightly as children readily yield to its influence 
&nd require little to maintain anteatheeia. AVhen they 
will not tolerate nitrous oxide or chloride of ethyl, a little 
A.C.E. mixture or chloroform dropped on a handkerchief 
will serve to quiet them and as soon as consciousness is 
lost ether can be substituted. In very prolonged opera- 
tions the greatest care must be taken that children are 
not drenched with ether, it is unnecessary and is liable to 
«auae baneful after-effects. I usually give chloroform 
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from a t-egnliitiug iDlialei- in the later stages of a long 
trying operation on cliililren, even wlieu they are rendered 
aniBsthetic with gas and ether or ether. This is to avoid 
the coohng which ether produces nud which is especially 
deleterious in the c»ee of the young. 

Children of about five or sis years of age may he given 
gas and ether, unless they are notably the Bubjects of 
respiratory trouble. Tliey will probably strongly rebel 
against having the face-piece applied, so that if it be 
desirable to avoid " a scene," the mixtures of chloroform, 
alcohol and ether, may he substituted and given by the 
open method, Ethidene dichlorida is advocated for chil- 
dren by some, but experience proves that it is not taken 
more readily and does not nppear to be in any way safer 
in its action than chloroform. Although the use of 
chloroform is nmiuostiouably attended with happy results 
in the case of children, it must be remembered that deaths 
from tiiis agent are by no means confined to adults. It 
cannot, therefore, he too strongly impressed upon the 
mind that children run a rist, and probably as great a 
risk, in chloroform narcosis as do adults. Children take 
chloride of etbyl well, although they are often alarmed by 
the tightly fitting mask necessary for its administration. 

For the aged, that is for those over 60 years of age. 
chloroform is commonly held to be preferable to ether 
and in many instances such is the case. It is, however, 
true only because persons past middle life are often the 
subjects of chronic bronchial trouble ; their arteries and 
kidneys are also frequently diseased and so may be in- 
juriously affected by ether. Old persona too, like infants, 
are peculiarly susceptible to a bronchial and laryngeal 
irritabihty inducing distressing cough, dyspncea and ex- 
haustion. However, for aged and feeble subjects witli 
weak hearts and depressed vitality, ether, notwithstanding 
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the above mentioned drawbacks, is beyond doabt tbe best 
anfesthetic. It often happens that when cough is at first 
excited bj etber the admiuiBtration of a. few inhalations of 
chloroform will remove all dyspntea and allow the subse- 
quent employment of ether. In a certain number of 
eases ether proves an icopossible aufeathetic for tlie old, 
however carefully it may be administered, and such cases 
must be recognised and dealt with on their own merits, 
chloroform being substituted. Although advanced age in 
itself does not contra- indicate tbe use of nitrous oxide gas 
before ether, in some cases, e.//., tendency to high vascular 
tension with feebleness of circulation, chloride of ethyl or 
a httle A.C.E. mixture may be employed in its stead as an 
antecedent anteethetic to etber. 

In middle age, when tbe patient is vigorous and 
muscular, etber preceded by uitrous oxide gas or chloride 
of ethyl should be employed, as this prevents struggling, 
and rapidly and pleasantly produces antesthesia. 

Pregnant women take all forms of aniesthetics 
well, but if excitable aud nervous as they are apt to be, it 
is better to avoid the coughing aud atraiaing which may 
follow the employment of etber. It will be found that 
unless very nervous, women in this condition take nitrons 
oxide followed by ether well, as little of tbe antesthetic 
ehould be given as is consistent with true anssthesia, as it 
is manifestly important to avoid vomiting. An anffistbetic 
should not be given to a woman pregnant over eight months 
unless the operation is imperative. If, however, tbe surgeou 
must operate, there is no valid reason why the anfestbetie 
should not be given. I have administered to ladies in 
the ninth month of pregnancy without untoward results. 
When women are very prone to abort, it is well, if pos- 
sible, to defer any operation and the giving an anffiathetic 
during pregnancy. Whether the nervousness and general 



I 
I 



83 AN.^STHETICS. 

upset are not as much factors in producing abortion io 
Bucb oases aa the anaesthetic may be questioned. 
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CII0IC1'; OF AN.ESTUKTIC IN DISEASE. 

The imbecile, lunatics or persons in delirium 

can be giveu anffistlieties and take gaa and ether easily. It 
ia well known thnt any disturbance of the cerebral cir- 
culation is liable to enper-induce attacks of mania in 
persons who have ouce been maniacal, and so taking 
chloroform or ether may produce such an attack. It is 
not by any means always so, as far as my experience goes, 
and I have notes of very numerous cases of anffistbetics 
given to the insane. 

Alcoholism. — Persons addicted to alcoliQlic excess 
take aniesthetics badly. They usually show eacessive 
restlessness, become much excited and require a large 
amount of the anEBsthetic to render them u neon scions. 
Such persons are best given nitrons ojtide followed by 
ether, hut they ofteu become greatly cyanosed, and to 
relieve this condition chloroform must be given for a time, 
even if ether he subsequently resumed. As a rule, oxygen 
given with the ether prevents this cyanosis unless it is 
due to severe spasm. I have fonnd that some confirmed 
alcoholics remain restless and rigid even during profound 
narcosis. 

Respiratory tract. — Lnnjtu; trachea, bToncM, liitigs 
and pleural cavity. Intra- laryngeal disease demands 
chloroform, and the same may be said of the trachea and 
bronchi, when the affection is acute and tlie dyspncea 
urgent. In diphtheria, chloroform alone or combined with 
other, usually gives a satisfactory result. When the as- 
thenia ie very severe it is safest to use a Schimmelbusch'a 
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I mask and drop chloroform and ether npon it. The ether 
I is used from time to time to assist the circulatiou, withoat 
impeding respiration. In bronchitis and hing disease, when 
much cough and dyspnma exist, ether is seldom well 
tolerated, If UHod at all it must be given from a semi- 
open inhaler snch as an Allis, or dropped upon a lint 
covered frame {Sltinner}. la these caaea if the patient 
cannot bear some mixture of etlier with chloroform such 
as the A.C-E. it is best to obtain anfestbesia by means of 
chloroforna. Ether or a mixture may be tried when 
aniEstbesia is established, but if ill-borne, chloroform 
must again be employed. As a rule, chloroform from first 
to last is the best and saieat auEesthetic when the lungs 
are the seat of acute or active disease. In pneumonia or 
teikma of the lunys ether should not nnder any circum- 
Btancea be given, as it tends to embarrass the lungs still 
further. Chloroform may, however, be used, but mnat 
he largely diluted with air or still better with oxygen. 
Phthisical persons wbeu the coexistent broncbitia ia not 
severe and cough and expectoration are not prominent 
symptoms, aa a rule, will take nitrous oxide and ether 
without discomfort or detriment. When, however, ether 
excites cough and causes distress chloroform must be 
substituted. Bronchitis when associated with emphysema 
often causea extreme intolerance of ether, but the A.C.E. 
mixture, or failing that, chloroform, will usually suit this 
condition. When emphysema is the most pronounced 
symptom a difficult problem ia presented. There is in 
most instances a dilated and weakly heart associated 
with it, and any ansesthetic may lead to dangerous 
consequences. Ether will in a few caaes set up severe 
cough, spasm, and almost asphyxiate the patient. On the 
other hand, if chloroform is used there is always a danger, 
unless extreme care ia taken that an overdose may be 
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given, owing to the failure of expiratory power in the 
lungs nud the fixation of the thorax, The dyepncea, 
spasm, and cyanosis set np by tlie ether will often dis- 
appear at ODce wheo the ether ia replaced by chloroform. 
The adoption of the A.C.E. mixture in the later stages of 
the case, and care that the chloroform vapour be given 
very dilute, will usually bring the administration to a 
sitcceBsful conclusion. It is in Buch cases that the chloro- 
form apparatus of Mr. Harconrt affords the most valuable 
aid, as it enables the administrator to limit with exactitude 
the percentage of vapour at any stage of the n, 

Asthmatics aa a rule take the A.C.E. mixture or chloro- , 
form better than nitrous oxide or ether, but when thq 
initial stage of anesthesia is passed, if but little bronchial 
secretion is present, ether will be well borne.* 

If fluid exists in the pleural cavity as in pleurisy irith 
effusion or empyema, especially when the heart is mechanic- 
ally much displaced, anicsthetics are badly borne. This^ 
arises more from the posture which the operation neoesi 
a itates— commonly one which the patient if conscious would 
be unable to assume owing to cough, dyspncea, and failore'l 
of the heart's action — than from any inherent action of the 
aniesthetic. In cases of pleuritic effusion, and when an 
empyema does not commuuicate with the lung, if the 
patient can tolerate ether there is no reason why he 
should not take it while the initial and only painful part 
of the operation is performed. Usually, however, too 
much cough and spasm follow the use of this antesthetiw^ 
in tliese cases, so that the A.C.E. mixture or some othegf 
dilution of chloroform has to be employed. In my owi 
practice I am in the habit of employing chloroform for a 
cases of lung and pleuritic disease, and have t 
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myself that, npon the 'whole, this aufcsthetic is the Bafest. 
The use of nitrous oxide and oxygen for operations for 
empyema has not any advantage over chloroform, and 
frequently causes very grave dyspncea and cyanosis. In 
any case the lighter the aniesthesia is, the better are the 
chances of the patient. 

It is often requisite to decide what antesthetic will be 
best for persons subject to o/t repealed attacks of bronckitU 
and bronchial catarrh, even though tbey may be quite well 
ftt the time of the operation. If in such cases the attacks 
are easily excited and liable to endanger the patient's 
chances of recovery, ether will be best replaced by a mix- 
tare or by pure chloroform. I think that when some 
inhaler, such as Mr, Harcoart's, is used, so that the dose 
of chloroform can be kept strictly at or below two per 
cent., tliere is no doubt that, for all persons whose lungs 
are affected, chloroform is the best aniostlietic. When, 
however, chloroform is given in higher percentage it is 
often dangerous and should be avoided. Of course the 
general state of the patient must be taken into account, 
and tlie possible arguments against the use of chloroform 
receive due consideration.''' 

I have found from the experience of the past few years 
that ether can be often taken well and borne without 
bad after effects, in cases of lung and pleural disesse, when 
it is administered well diluted with oxygen, and provided 
the operation is not a prolonged one such as would neces- 
sitate the inhalation of a large quantity of the anfesthetic. 
Much of the cough, cyanosis, and distressing struggling 
■which usually accompany the attempt to administer 
ether to persons suffering from dyspncea, js caused by 
Bpasm set up by the ether. Thiri spasm is at once reUeved 

• M. Lupine has ihown that il the ether ta pure, and it f» Bi-en with cara 
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when the ether ia given with oxygen, the patient rapidly 
passing into profonnd atisstbesia withoat farther troable. 
The oxygen further Btimulates the circulation, steadying 
anrl improving the action of the heart. 

I have in some very bad cases of palmooary embarrass- 
ment employed rectal Gtherisatioa witli success. 

Diseaaes of the oironlatory system. — Although 
tho existence of heart disease and vascular irregnlarity 
Hlioutd materially iDflncnce the choice of the method 
in which an autesthetic shonld be given, it very Eeldom 
vetoes the use of general auieathesia. Aa Snow said- 
u patient is able to andergo an operation, be will not 
impossible Bubject for an aniestbetic." 

Ill mitral disease when the polmonary circulatic 
is iiitcrftired with, and some cyanosis and possibly eli; 
railema with congb and dyapncea exist, ether nsiially 
creases the dietreas. The employment of chloroform prefer- 
ably diluted as in the A.C.E. or Billroth's mixture, fre- 
(jQently steadies the heart. It is well to give such patients 
a course of digitalis before the operation, or a hypodermic 
of digitiilin or strychnine half an hour previous to the antes- 
tlietio. The mere presence of a mitral murmur, without 
symptomB or failure of compensation, need not deter from 
the use of uitroua oxide and ether. Some aatboritieB 
jirofcr to commence with the A.C.E. mixture, and in such 
ctiHSB, if it can be borne, to give ether as soon as anres- 
tlieaia is established. I have found oxygen 
adjunct to llio ether in all cases when cyanosis exisl 
mid when the presence of oadema of the lungs did 
coutra-indicate the use of ether. The state of tbe p 
Hliould always be noted before an aufesthetie is given, 1 
(IB a guide to tho condition of the patient's circulation 
also for comparison in the subsequent stages of tbe ai 
tbosia. The various causes of pulse variation must in 
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coimexion be remembered,* and the Bhave wbich respira- 
tion, cardiac action, alteratioa in capillary resistance and 
renal adequacy, and various cerebral conditiona, take in 
affecting the rbythm, force, and freqiiency of the pulse, 
should be duly appreciated. It miist be remembered that 
of pulmonary disease, whether primary or 
following mitral disease, there may always be a danger 
whan ether is given for auy length of time, lest water- 
of the lunge or cedema should arise as a later and 
quela of that aufesthetic. It is, therefore, my 
custom, even when I commence the inhalation with nitrous 
oxide and etlier, to change to chloroform if the operation 
occupies any period of time exceeding half an hour. 

In aortic disease there is a special danger from 
Btmggling, and a liability to syncope. I have found 
persona bo affected take nitrous oxide and ether well, 
but care should always be exercised to avoid any undue 
Btraining or struggling. The merit of nitrons oxide gas, 
pieferably with oxygen, given before ether in these cases 
is that the stage of struggling is avoided. These subjects 
also, as a rule, take chloroform well, and tliis or a mixture 
of it with ether can be given instead of the gas, while ether 
can be employed in the later stages. Such patients, it 
must be remembered, are pecuhatly liable to syncope ns 
tliey are resuming consciousness, and the most sedulous 
care should be taken to prevent them from sitting np, 
either during the administration, or until the effects of 
the aniesthetic have quite disappeared. As they pass from 
under the influence of the auiesthetic they retch or vomit, 
and these acts are often accompanied by an alarming fall 
of blood preBBure. In all forms of heart disease it is safer 
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to administer slowly and warily, and to maintam a fuller 
diliitioQ with air than is at all necessary in ordinary cases. 

Degenerations of the myocardium. — When 
the heart miiacle Las undergone structural changes, the 
danger of producing anfEstbesia is greatly increased. 
Any alteration in the respiratory or -vdEcular systems 
induced hy antesthetics imposes an extra atraiu upon the 
already weakened and diseased heart- — one which it may 
be unable to sustain ; heuce supervenes syncope. There 
seems also a danger, as Dr. Leonard Guthrie has pointed 
out, that chloroform may itself in the case of oliildran 
induce a degeneration in the heart muscle, a grave condi- 
tion when superadded to initial disease. When the heart 
trouble is not complicated by pulmonary engorgement, 
<Bdema or hydrothorax — when it is ia short largely corn- 
pen sated^ether ahottld be given and a Clover's inhaler 
employed. I am in the habit of using osygen with ether 
in these cases, and find it materially assists the patient 
and I think lessens the danger. It has been suggested 
that a cone or towel is safer, but I cannot think this is so, 
since with a Clover's inhaler you can, by frequently re- 
moving the mask or refilling the inhaler bag, give any 
degree of dilution of ether you require. When pronounced 
pulmonary trouble exists and ether cannot be borne, 
chloroform or the A.C.E. mixture may be given. 

Should nitrous oxide he administered in morbus cobdis ? 
I have records of practically every form of heart disease 
in patients to whom I have repeatedly given antesthetics, 
and in those iu whom no pulmonary disease coexisted, 
nitrous oxide has caused no alarming symptoms. The 
comphcation of cyanosis and lung trouble with a dilated 
weak heart is a grave one. Sometimes nitrous oxide with 
oxygen ia well taken, even by persons so af&icted, hut 
there is no small risk, and the greatest care and experience 
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are needed to bring the cane to a, satisfactory iBBne. If 
tlie case is one of advanced disease and the organ is work- 
ing feebly, it ia wise to supplement tlie nitrons oxide by 
allowing it to pass over ether vapour. This plan hafl in 
my hands answered most admirably. 

Chloroform, whether pure or diluted, cannot be given 
to persons having diseased hearts without increasiug tlie 
risk of syaeiJpe, due to the unavoidable fall in blood pres- 
sure which follows the use of this ansesthetic. This fall, 
however, can be minimised by using only low percentages 
of chloroform vapour. On the other hand, it must be re- 
membered that in these cases the anesthetic is in a way 
protective. As Snow pointed out, chloroform "when care- 
fully administered causes less disturbance of the heart and 
circulation than does severe pain." In this connection it 
should be borne in mind that shock very often killed in 
pre - an aa 6 the tic days, aud it is not too muuh to say that if 
chloroform is ever the cause of death when properly ad- 
ministered, it ia certainly very often the means of saving 
life by protecting from pain and shock, 

Hypertrophied hearts are in practice usually 
dilated hearts, and being so are at a disadvantage. The 
same rules given for guidance above will serve here, 
Some highly nervous, escitable persons are much terrified 
by the application of a face- piece, and indeed in some few 
cases the mental distress and terror thus escited may be 
Bnfficieut to occasion serious indisposition. In cases snch 
aa these it is especially useful to employ the A.C.E. mix- 
ture upon lint or dropped upou a Schimmelbusch's mask, 
replacing it by ether from an inhaler so soon as the 
patient is sufficiently dazed not to perceive the sub- 
stitation. 

Vascular disease. Im arterial dvim»e. In aneuriNm 
and extensive disease of arteries it is best to use chloio- 
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form or one of the mixtores containing it, to avoid tlie 
iuoreftse of blood presBare induced by etlier in the initial 
degraee of outEstlieBia. It is quite safe to give ether after 
Llie patient lias been tliorougbly ausethetised and baa beeu 
unoonBcioue for eome little time.* When npoplexy lias 
previoualy occurred, or its onset is feared, ether bad better 
be avoided and cliloroform given. Cerebral hiemorrliage 
is reported to have occurred after ether had heeu inhaled, 
but the probability of such a result ia slight. The danger 
in all cases of vascular disease arises from struggling and 
the consequent interference with the circulation. It is 
therefore most important to adopt such methods of giving 
the antesthetic as will prevent or lessen the stage of excite- 
ment. This is moat perfectly done by the use of nitrons 
oxide followed by ether, if this mixture be employed 
judgment. 

Renal disease. — Ether is said to produce albni 
nria and even cause suppresBion of urine. Lawson 
recorded a ease in which ether appeared to stop the flow 
of urine along the exposed ureter. TurnbuUl- says, that 
Emmet of New York met with six cases in which sup- 
pression of urine occurred after operations under ether 
in persons with chronic uephritiB. Professor Wood, of 
Philadelphia, also found cloudy swelling of the nuclei and 
contents of the secreting renal epitheUum after etherisa- 
tion of dogs. On the other hand Eisendrath, Barensfeld, 

* I luLvenotes ufavcry InstructirecaiiebeariD; upon this point, Thepadenl 
snfterfld fnixu puplltaal aneuTism fur wbiub It rtas proposed tn tie bba femoral. 
Hd waa givBU nitrons oxidfl and othor, and narcoHin wai rftplcUy aClaiued with- 
out struggling. Upon the patient being brought Into the oparaling room the 
anunrism waa palpated vrhen all pulsation was found abafint. Thec^uewfu 

to diHliirljani^e in the circalation which luckily had reanlted in clulting ivnil 
Hlliiig up of the sfto. Had, boweior, the other remit otcurrHl and the i-lot 
lii;cu cunvi'i'ed to the heart the choice of the ameathetic would have justly been 
tonaidered a fatal mistake, 

I "Artificial AnnDgtbeaia," 4th edit,, 1996, p. £S6. 
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and Campbell of Montreal, found in human BubjectB that 
albuminuria was the exception after ether when non- 
esistent previously, and that in pre-esisting albuminuria 
a slight but transient increase followed prolonged etherisa- 
tion. This conclusion is fully iu acoord with my own 
experience. Chloroform is more liable to initiate" albu- 
minuria according to these observers. With the assistance 
of Dr. Levy I investigated this subject, and our coucluaious 
may be stated briefly as foUowsf : in most cases the 
quantity of the urinary water was reduced in quantity, 
but probably not more so than could bs accounted for by 
the ahstineuce from food and liquids. The solids re- 
mained practically unaffected. When ether is given iu 
excessive quantity ischieniia of the kidneys is produced 
and albuminuria results. If, however, only so much is 
inhaled as is needed for complete anaasthesia no deleteri- 
ous results arise, and the renal parenchyma is not injured 
nor does albuminuria result. The experimental work was 
supplemented by the study of clinical cases and these 
bore out our experimental deductious. 

In conditions of collapse, e.g., railway smashes, 
gunshot wouuds, intestinal obstruction due to strangulated 
hernia, or other causes, ruptured viscera, or conditions 
when the vitality has sunk very low, as in the ease of 
carcinoma affecting the cesophagus, pylorus, and causing 
chronic starvation; also in collapse the result of severe 
hemorrhages or other causes, or provoked hy high tem- 
peratures, it may be necessary to perform an operatioo, 
and it will usually be desirable to administer an anies- 
thetic. Ether if properly administered is, I am sure, the 
best and safest anfesthetic for these cases. It may he 
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given from a Clover'a inhaler, as when that apparatus is 
properly handled there need be no dyspnosa or impediment 
to respiration. Very little anasthetic is required, and the 
mask may be taken off daring inspiration every three or 
four respirations, When there is very considerable respira- 
tory difficulty complicating the case, the A.C.E. mixture 
may be employed. Still ether is par excellence the an»s- 
thetio for suuh patients. It is important to give plenty 
of air, and only to administer the ether intermittently as 
necessity seems to require. I have found the use of 
oxygen with ether most valuable under such circum- 
stances. In extreme collapse, e.g., railway smashes, the 
possibility of serious internal lesions and hiEmorrlmge 
must be kept in mind, as the incantious deepening of the 
anfeathesia may, under such ciroum stances, lead to serious 
results, A possible danger from ether in these cases arises 
when by increasing blood pressure internal hemorrhage is 
initiated, When the breathing is feeble and gasping, and 
the patient almost in extremis with bine Hvid skin and 
pulseless, I employ ether dropped freely from a drop bottle 
upon a Schimmelbiiach's mask covered with two layers of 
lint, keeping up a supply of oxygen by a mouth or nose 
tube. In cases of intestinal obstruction, when extreme 
coUapse is prusent, I select ether and oxygen, if, however, 
collapse is less marked I prefer chloroform. In eitlier 
case extreme care in regards to the posture of placing the 
patient ia requisite to avoid the regurgitation of intestinal 
fluid being aspirated into the lungs. 



II. The Necessities op the Operation. 

Operations about the head, neck, face, 
trachea, and respiratory tract.— In aU cases of 
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interference with respiration due to BwelliDg of the Btmc- 
tures of the neck, e.g., augina Ludovici, enlargement of 
the thyroid, in cervical lymphadenoma with presBure, 
nitrous oxide is contra- indicated. Ether usually canees 
Lncreased dyapntea, and bo is beet avoided. Chloroform 
given with great care is safest and best for the operator. 
Brief operations about the mouth, nose, or pharynx, 
snch as the extraction of teeth, excision of tonsils, opening 
of abscesses, snaring off mucous polypi, &c., can often be 
performed under nitrous oxide,'' or chloride of ethyl. 
"With nitrous oxide, from a half to one minute of uncon- 
sciousness can be expected. In operations shghtly more 
prolonged, chloride of ethyl, and if the cautery ia not to 
be nsed, gas with ether may be employed. In operations 
accompanied by severe hemorrhage, but which do not 
need much time, the gas and ether mixture possesses the 
advantage that the patient rapidly resumes consciousness, 
and BO the danger of blood beiug drawn through the 
trachea into the lungs is avoided. In operations for 
the removal of post -nasal adenoid grovrths, 
I have for some years extensively used gas and ether 
with success, the patient being placed in the sitting 
posture. It has been urged by many that nitrous oxide 
gas, alone or with oxygen, ia a sufficient anaisthetic for 
the removal of post-nasal adenoid growths. This may 
no doubt be true for a certain number of cases, but there 
is a danger that the brief aufcsthesia which children ex- 
perience under it may prove insufficient, and so undue 
haste may be forced on the surgeon, and the httle patient 
may feel the finishing steps of the operation. When 
tonsils have to be removed at the same time as the post- 
nasal adenoids, it is a good plan to give nitrous oxide 
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followed by ether, and vben complete ansstheBia is 
obtained the operatioo may be proceeded witii, and 
cbloroform c&d be blown in vapour throngli a tube con- 
nected with a Jouker's apparatus. Thus auffisthesia cau 
be maintained as long as is needful. For this method the 
patient must be lying la the horizontal posture. Chloride 
of ethyl answers very well for uncomplicated cases of the 
removal of tonsils and post'adenoid growths, but as the 
narcosis produced by this agent is very profound although 
transient, care mast be taken to place tlie patient in such 
a position that the eSused blood cannot be aspirated into 
the trachea. 

For most intranasal operations I have found nitrons 
oxide and etber satisfactory. It may be necessary in very 
prolonged cases to give more than one inhalation of ether, 
but there is no objection to this if care be taken, by turn- 
ing the head to the side, that blood does not enter the 
lungs. When the patient is sitting up, I bend the head and 
shoulders forward during the reapphcation of the ether. 
It is better not to wait for a return to consciousness before 
giving the second inhalation. When the surgeon wishes 
his patient to be seated, chloroform shonld not be given, 
Snow, it is true, believed that the sitting posture was as 
safe as any other, but there can be httle doubt that iu 
such a position the heart works at a disadvantage, and 
cerebral auiemia is very prone to occur. Some surgeons 
prefer chloroform for all patients when the naso-pharjus 
is the seat of operation, since they allege this aniesthetic 
produces (i.) a more profound and lasting amesthesia, and 
(ii.) because less violent bleeding takes place at the time 
of the operation. On the other hand, the rapid resump- 
tion of consciousness under etlier certainly minimises the 
danger of blood entering the lungs, When the operation 
is likely to prove a prolonged one, chloroform will be more 
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satisfactory to tlte operator, bnt the patient must be in tlie 
recumbent position. 

Staphylorraphy necsBsitates the moutb being open, 
&nd that the operator ehould have free and uninterrnpted 
access to the buccal cavity. To effect this, the patient can 
bo pnt nnder the influence of chloroform, and maintained 
so by aniesthetisiug through the" mouth by means of a tube 
(as descvibed in Chapter V.). The same procedure answers 
for operations about the tongue. For the removal of 
email growths from the tongue, lips or from the gums I 
have found nitrous oxide answers well. The method of 
proloEged nitrous oxide administration through the nose, 
gives the operator a much longer period of unconscious- 
ness. (See also Chapter IV.)- 

In Kocher's operation for the removal of the 
tongue, ether can be used when it seems desirable until 
quite the end of the operation when the mucous mem- 
brane of the mouth is opened and the tongue dragged into 
the incision. 

Removal of the upper jaw should as a rule be 
performed under chloroform, as the cautery is often re- 
quisite and the use of a face-piece impossible. In exten- 
sive removals of growths about the jaws, it is frequently 
advisable to perform a preliminary tracheotomy, and then 
give the anffisthetic through a Trendelenburg's tube, at 
the same time plugging the larynx. It is, however, quite 

I possible to obtain a most satisfactory amesthesia with ether, 
which allows removal of either jaw (see Chap, IV.), I have 

' occasionally used ether in these cases with Huccess, and I 

I am informed this method is employed as a matter of 
course in some cliniques in the United States. 

In the removal of the lower jaw, ether may 

I also be used for the earlier stages of the operation, chloro- 
form beiog substituted when the mouth has to be opened. 
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lu any case when the cautery lias to lie useil the ether 
must ha replaced by chloroform. 

Operations upon the larynx, e.ij., thyroidectomy, 

will require a preliminary tracheotomy, and in these cases 
I prefer to keep up the aiwestbesia by a Junker's inhaler, 
to the afferent tube of which is fixed a catheter. By this 
means the amount of chloroform given can be mors safely 
adjusted tbim when a Hahn'a tube and funnel are em- 
ployed. In all the above cases in which chloroform is 
mentioned a a being more convenient, an alternative 
method exiata, namely, rectal etherisation. 

Operations about the eyes are commonly performed 
with the aid of cocaine, eucaine, or some local analgesic 
(see Chap. XI.) ; when general anfesthesia is decided 
upon, and it is often necessary in the case of cbildren and 
excitable nervous or asthenic persons, it is important to 
obtain deep narcosis. These cases require absolute immo- 
bility, freedom from coughing being essential. Nitrous 
oxide and ether, provided the ether be pushed very far, 
answer well ; there is of course the possibility of ether 
esciting a fit of coughing, which, should the case be one 
of excision of a cataract, and should a preliminary iridec- 
tomy have been already done, may lead to forcible extru- 
sion of the vitreous. But this can only arise when the 
patient is not sufficiently under the anfesthetic. Theif 
is less fear of coughing with the use of a chloroform 
ether mixture. I have used the oxygen-ether method 
satisfactorily for these cases. Upon the whole I think 
when tbe patient is old and feeble and the respiration in 
any way impaired by former attacks of broncbitia, that 
chloroform offers the best cliance of a successful operation. 

In excision of the eyeball, where coughing is not 
of such moment, ether may be used, and should be pushed, 
to complete anmsthesia before nroceediu? with the opera- 
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tion. For passing probes or sUtting i]p the lacrimal 
canals, gae is not as a rule satisfactory, as the jactitation 
interferes with the operator ; here the ose of ethyl chloride 
or gas and oxygen answers every purpose by obviating in- 
voluntary movements. 

For operations about the thorax, a mixture of 
chloroform and ether is by some authorities considered 
to be more advantageous than chloroform or ether when 
'given alone, so that wiiere the ether contained in it can 
be tolerated by the patient, this misture should be em- 
ployed. For patacenteaia in casea of pleuritic effusion 
chloride of ethyl or nitrous oxide gas is sufficient. Chloro- 
form, unless a very low percentage vapour ia used, seems 
peculiarly liable in eases of empyema to dangerous results, 
the heart is usually hampered and respiration abnormally 
performed ; several deaths have resulted from chloroform 
given in such casea. When the bronchial tubes are not 
blocked with pus and no communication exists between 
the abscess and the bronchi, ether will occasionally be well 
borne, but as a rule a low percentage chloroform vapour 
ie, I think, safer. 

It is in these operations that rectal etherisation seems 
likely to be of very great service. {See Etherisation by 
the Rectum). 

Abdominal Surgery. — In dissecting operations, 
when tranquility of respiration is desired, ae in operating 
for the radical cure of hernia in yonng children, some 
mixture of chloroform and ether may be employed instead 
of ether, but for all prolonged and exhausting operations 
ether should be given unless strongly contra- indicated. 
Thus I have found for Ciesarian sections, ovariotomies, 
hysterectomies, ether if carefully given answers very well. 
It is undesirable to continue the ether for more than 
forty-five minutes or an hour unless the patient cannot 
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take cliloroform. After this time a chloroform ether mix- 
ture or chloroform may be used.* If one kidney is pre- 
sumably adequate and healthy, ether may be used m 
uephreotomy. For operationa upon the liver und gall 
bladder, for those upon the iutestines and stomach, chlo- 
roform or a chloroform ether mixture makes the operation 
easier for the surgeon, and subjects the patient to leas 
risk of pulmonary complications. Still with care in the 
use of ether such opeiations can he performed when 
patients' state seems to contra-indicate the employmt 
of chloroform. 

In Labour. — There is a consensus of opinion 
favour of chloroform in these cases, but chloroform cannot 
be in any way deemed more free from danger in childbirth 
than at any other time. It chloroform be employed it 
should not be entrusted to the hands of a nurse or other 
person unless skilled in its use. The mixtures of chloro- 
form and ether also answer well. Ether, though advo- 
cated by some, is disadvantageous in these cases, as it 
may provoke straining, coughing, sickness, and headache, f 
but for general obstetric operations, and especially where 
the patient is exhausted and needs stimulating, ether is 
indicated. 

Although no experimental evidence exists so far as I 
know for the statement, yet it is commonly asserted that 
chloroform is safer for the child than ether, A point 
worth remembering is this, that the more agreeable smell 
of chloroform and its rapidly soothing effect makes the 
patient inhale it freely as the pains are coming on with- 
out any holding of the breath. 

• It la allejred tha,t etbtiT pneumonia Is opeciaUy lln,ble Co occur in nbi 
nal operatlDna. See " Ether Pneumonfit," by Dr. David 
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CHAPTER III. 



NITROUS OXIDE GAS. 

Chemical and Physical Properties.— NitrouB 

oxide gas [NjO] is a. colourless body possessing a slightly 
sweet taste and colour, sp. gr. 1-527. It posaeBses & 
neutral reaction and couaista of nitrogen and oxygen in 
cbemical union, thus differing from the air, which is com- 
posed of these gases in mechanical misture. NitrouB 
oxide gas possesses well-defined anfestljetio properties, 
which appear to he quite distinet from the asphyxia! 
symptoms frequently accompanying its administration. 
This gas agrees with oxygen in many of its chemical 
properties ; thus, it supports oombuation when ignited 
bodies are plunged into it. At a pressure of fifty atmo- 
Bpherea and a temperature of 44'6° F. {7° C), it becomes 
liquefied, and advantage is taken of this to enable the gas 
to be carried about in iron or steel cylinders, these latter 
occupying leas space. Liquid nitrous oxide, sp, gr. -936 
at 0° C, is colourless, and mobile; it has the lowest re- 
fractive index of all fluids, Fifty gallons of the gas are 
•yielded by fifteen ounces of the liquid nitrons oxide. It is 
extremely sensitive to heat, undergoing rapid expansion 
as its temperature is raised. This is a point of practical 
importance, as cylinders of this gas are liable to burst if 
snbjected to heat, indeed this accident has occurred. 

Nitrous oxide is decomposed at a red heat, but shows 
no tendency to undergo change at lower levels of tempera- 
ture. Cold water dissolves more than its own volume of 
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tbU gas, while Lot water dissolves lesa, hence it is advan- 
tageouB to collect it over water at 1G° C. Alcohol takes it 
up in a still larger proportiou. 

lucreaBed preseiire causes nitrouE oside to asanme the 
solid form. It is then white and snowlike in appearance. 
It has long been known that if the gas fi-om an iron 
cylinder be allowed to escape suddenly, it assumes the 
solid form and may block the outlet. This is more liable 
to occur when the cylinders are placed horizontally, but 
by the use of cylinders suggested by the late Dr. C. E. 
Sbeppard, who has tbe cut tube placed so that its inner 
end is above the level of the liquid nitrous oxide this draw- 
back is obviated.^ 

It is prepared by heating granulated nitrate of ammo- 
nium to 460° F., and collecting over water. 

The impurities to which nitrous oxide is liable are : — 

Chlorides, possible impurities in the ammonium nitrate 
used in its manufacture ; other oxides of nitrogen ; and oil 
(from lubrication of apparatus) which impart a rancid, 
nauseous smell to the gas. 

To test for these impurities, let the gas bubble through 
solutions of nitrate of siiver, which will precipitate 
chlorides, whUe the other adulterations will be detected by 
their smell and irritating effects on the throat. In nitrous 
oxide which has been kept in a gasometer for some time 
there is always some atmospheric air. 

Some persons prefer the freshly prepared gas, but 
liquefied gas stored in cylinders gives results practical 
as good. 
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Physiological Action of Niteocs Oxide. 

For mauy years the true nature of the aetion of this gas 
upon the organism was misunderstood. Various theories, 
now known to be erroneous, obtained credence mainly 
•owing to unreliable methods of experimentation and for a 
long time a limit to the uses of nitrous oxide was thus 
imposed, as the agent Avas regarded as alike dangerous 
and untrustworthy. 

It is only necessary to refer to the theory which taught 
that nitrous oxide produced aujesthesia by hyperoxidation, 
to refute it. Nitrous oxide is not an oxidising agent as it 
I not split up iu the organism. A more dangerous 
view advanced was that nitrons oxide exercised no specific 
action but mechanically displaced oxygen from the lungs 
and so led to tissue asphyxia. The late Sir George 
Johnson following the remarkable experiments of Dr. 
John Reid, was led to the conclusion that nitrous oxide, 
by producing deoxygenation of the blood and tissues, set 
up arterial spasm, both in the systemic and pulmonary 
vessels. The increased resistance to the blood flow thus 
brought about, led he thought, to lividity, failure of the 
radial pulse, and finally through cerebral aniemia to 
epileptiform convulsions. Dr. Amory, of Boston, also held 
this view. Professor H. C. Wood* assisted by Dr. David 
Cerna has made important observations on this subject. 
Their paper must he consulted for details, their conclu- 
sioua alone can be briefly noticed here. They regarded 
the action of nitrous oxide and nitrogen as simOar, but 
found tliat nitrous oxide produces anesthesia probably 
more rapidly, and does so by " shutting off the oxygen." 

• ntrnpi.-1'Hi Ga:erie, August, 1890. 
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Although QO reference is made to my experiments, the 
concluBions with regard to the circulation of the blood 
under nitrous oxide are very Htrikingly in accord with 
mine. " It would seem," it is said, "as though nitrouB 
oxide acta upon the heart and nervous system directly, 
but has httle or no direct inherent influenco upon the 
vaeo-motor centres or the brain cortex." In conaparing 
the effects of these gases with the effects brought about by 
asphyxia, it is admitted that the resemblance, which 
many preceding observers had erroneously regarded 
identical, Ja only noticeable to a certain extent. 

In most researches undertaken to elucidate the effects 
of nitrous oxide, a point of great importance has been 
overlooked. If oxygen is excluded for too prolonged a 
period, of necessity the phenomena of oxygen deprivation 
will make themselves manifest. If, as has been assumed, 
no anwstbeeia can result until this oxygen starvation 
exists, the question is settled, bat such is not the case- 
Indeed the classical experiments of Paul Bert proved tl 
I pointed this out in my research, undertaken in 188f 
and Wood and Cerna have since then undertaken expi 
ments with nitrous oxide mixed with oxygei 
supply of oxygen is carefully regulated the most profoi 
amesthesia associated with normal pulmonary and 
temic circulation results. Under these circumstances n< 
question of tissue deoxygenation arises, bo that it 
admitted that however aspbyxial symptoms may, thron; 
want of expertness, play a part in some forms of nitrous 
oxide amesthesia. yet the gas in question certainly pos- 
sesses a specific effect upon nervous tissue and exerts that, 
infiuence through the blood. Having attempted to shoi 
this it will be well to pass into more detail concerning it 
action on the tissues. 

Nitrous oxide appears to suspend rather than estingi 
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vitality. Seeds will not germinate bat remain uninjured 
when kept in it an indelinite period. Seeds, if Bpronting, 
oease to develop wben placed in an atmosphere of tliie 
gas, but resume their growth when again placed in the air, 
Jolyet and Blanche found that plants placed in nitrous 
oxide gas cease to absorb carbonic dioxide, and do not 
increase in aize. "When oxygen is allowed to mis with the 
DitroDB oxide the seeds germinate, and the plants grow. 
Cold-blooded animals die in an atmosphere of nitrous 
oxide in about two hours. This contrasts with what 
obtains when the same creatures are placed in indifferent 
gases, such as hydrogen or nitrogen, for under these 
circumstauceB death does not occur for three hours, and 
JB preceded by stupor but not true analgesia. Kappeler 
has shown that frogs placed in nitrous oxide lose reflexes 
after a very few minutes, whereas the reflexes persist for 
eeveral hours when the frogs are placed in an indifTerent 
gas, e.g., nitrogen (Goldstein). Sir Humphry Davy, in his 
careful research, showed that small mammals and birds 
Boon die in nitrous oxide, although when it is mixed with 
oxygen they live until the oxygen tension sinks to six 
per cent., as against a carbonic dioxide tension of twelve 
per cent. 

Animals placed in nou-respirable indifferent gases be- 
come convulsed before death ; this does not obtain when 
they are made to respire nitrous oxide, provided asphyxial 
conditions are not present. Their respirations simply 
grow more and more shallow, and finally cease withoiit 
any of that besoin de rtspirer which is elicited when simple 
deprivation of oxygen is practised. 

Krishaber experimenting with rabbits found a marked 
acceleration of the rate of the pulse, with increased force 
at first in the heart beat. Subsequently when aniestheaia 
was determined some retardation occurred, while the 
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oardiac rliythm became less regular. Bespiration was 
accelernted, aud deatli teeulted in two or three mmutee. 
He performed control experiments by ligaturing the 
trachea. In these, cardiac rhythm remaineil unchanged 
until after the fourth minute, when the heart beats grew 
irregular, and ceased at times varying from seven to 
eleven minutes. The animals remained sentient to the 
very last. I have repeated these esperiments, using dogs 
aud cats in preference to rabbits, because these last are 
peculiarly liable to fright, and this disturbs the rhytlim 
alike of the heart and respiration, and in the maiu my 
results agree with Kriahaber's. While dogs die in from 
two to three minutes in nitrous oxide, they do not suc- 
cumb to asphyxia for five ; under nitrous oxide they grow 
wholly jnaentient in from fifteen to thirty seconds, while 
in asphyxia consciousness to pain only ceases with life. 
Under nitrous oxide I found the heart little affected until 
the respiration was gravely interfered with, in other words 
iintil asphyxial conditions were present, and then it gradu- 
ally failed before totally stopping. The creatures seemed 
under the gas to siuk into sleep, and from sleep to pass 
into death, while when asphyxiated they struggled from 
first to last. 

In the human subject. — It is probable that nitrous 
oxide when administered pure, enters the blood by diffusing 
through the thin walls of the air-cells in the lungs. In 
the blood, a small quantity is dissolved, but the bulk is 
connected in some loose way with the blood coustituents, 
probably being associated more or less closely with the 
albumins and albuminoids of the liquor sanguinis and 
corpuscleB. Pickering has, in an interesting research, 
corroborated the view which was suggested by me in the 
papers refeiTed to below, that nitrous oxide is taken into a 
loose association with the hiemoglobin of the blood. The 
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■whole qneation of the phystologioal action of nitrous 
oxide has been recently reopened by Dr. G. F. Kemp, of 
Baltimore, but as his conchisionB are in accord with my 
own,* no detailed mention of them is necessary.! Accord- 
ing to Hermanu, nitrous oxide destroys tLo red blood cor- 
puaclea, Turabull, however, has experimentally shown 
that the corpuscles do not give evidence of any change 
after inhalation of nitrous oxide. I carefully watched the 
corpuscles in the web of a frog's foot, while the frog was in 
a bell-jar of nitrous oxide, and was able to observe not only 
the phenomena of the circulation under these conditions, 
but also to satisfy myself that no breaking up of corpuscles 
■was evident. The actual changes in the gases of the blood 
under nitrous oxide were examined by Dr. Thomas Oliver 
and Mr. F. C. Garrett, who, however, like other observers, 
do not seem to have been sufficiently careful to obtain an 
analysis of blood when charged with nitrous oxide, but yet 
not so deoxygenated as to be practically asphyxial blood 
containing nitrous oxide. Their results are : — 

(MomiAl DDK). Before l]ih.iLitlon.| AtCei. 

Carbonic Dioxide ... 34'3 ... 15-66 

Oxygen 22 ... 3'49 

Nitrogen 1-8 ... 11-28 

Nitrous Oxide ... — ... 22-49. 

The effect of abaking arterial blood with nitrous oxide gas 
is to darken it, showing that nitrous oxide gas is able to 
displace oxygen. But whatever union does take place is 
very unstable, as blood parts at once with its nitrous oxide 
when left in free contact with oxygen or air. 

Nit™ua Glide Out." Tramaaiinu o/ the Odontolosical Sodely, vols, sriil. 

I Britiih Ifcdimi Jouniai, Noiomber 21, 18S7. 

I PflilRur. see Lancil. Sspt. 23, IsSS, p. 683, for Dr. OUver's concluBlona. 
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Under uitrous oxide, tbe teBpiration becomes slowed 
and shallow, and, if the gaa be pushed, a complete ceBsa- 
tion of respiratory movements eventually takes place. 
The amount of tissue change occurring in nitrous oxide 
narcosis is lessened, and so the quantity of carbonic 
dioxide which tlie lungs give off ia diminished. Subse- 
quently to the administration, the exhalation of carbonic 
tlioside ia increased. The heart beats quietly, fully and 
regularly under this gaa, the pulsations are somewhat 
slowed in profound anffisthesia. There is, however, but 
very slight danger to healthy persons of heart failure re- 
sulting from inhalation. In animals killed by nitrous 
oxide gas, the heart goes on beating even after the 
respirations have quite stopped. It is, therefore, less 
important to watch the pulse than the respiration. Blood 
pressure is somewhat increased and markedly so in the 
brain and cord, the vaso-motor system of different areas 
being, it would appear, diversely affected. This altered 
pressure is, however, usually but shght. Dr. George 
OUver has made some important observations upon the 
variations in blood pressure under auiesthetics. By the 
use of his atteriometer, he found that when nitrous oxide 
was given alone, if it were pushed to a stage in which 
asphyxial symptoms began to show themselves, it caused 
^'a slight expansion of the calibre of the artery followed 
by a reduction either to the normal calibre or to a point 
or two below it," although, " the drop below the normal 
need not take place," i.e., when a simple nitrous oxide 
effect takes place. When oxygen ia given with the nitrous 
oxide no reduction of the normal calibre takes place. 

In some observations I made upon this subject, I found 
that while asphyxia caused diminution of the hulk of the 
brain and cord, nitrons oxide produces so great an enlarge- 
ment as to force out the cerebro-spiua! fluid. There can 
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be no doubt these ohaogea are vaso-motor in origin, and 
explain man; of the nervous phenomena elicited in perBonB 
narcotised by nitrous oxide. 

The senses of a person passing under nitrous oxide are 
at first rendered somewhat more acute, after which follows 
& condition of analgesia. During the first degree of uncon- 
soioueness, a loose tooth may he extracted without pain, 
althongh the patient has a vague idea that something is 
being done. A few seconds later, and the individual is 
profoundly unconscious and insensitive to all his external 
aurroundings. Irregular discharges of nervous energy 
frequently show themselves at this stage in jactitations of 
the arms and legs. These movements are probably due 
to the deprivation of oxygen, as the admixture of air or 
oxygen before they develop effectually prevents their 
appearance. If the gas continues to be respired and 
oxygen is excluded, the limbs become rigid, the rigidity 
being every second or two broken by a sudden contraction 
of the flexors. Bhythmic tremors of hands and arms are 
occasionally elicited. More rarely the whole body of the 
patient arches backward like a bow (opisthotonos), jerking 
him out of the chair. Mr. Clover recorded a case of an 
adult who jerked himself completely out of the chair in 
this way. This condition is especially liable to occur in 
children, The muscles soon relax and remain flaccid. 
The degree of rigidity and tlie amount of jactitation vary 
in different cases ; children show jactitation early, and the 
movements of the limbs are more marked in them than in 
adults. The superficial reflexes are abolished, that of the 
patella tendon, however, persists ; and in many oases 
aniile clonus is developed under nitrous oxide.* The 
pupil usually undergoes wide dilatation when complete 

•or bj- Ibe autbiir on "Ankle 
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aniestbGsta is attained, liowever, this phenomenoD is not 
absolutely coustant and cannot be taken as an indication 
of danger. Wlien given with air or oxygen no musculai 
movemcats show tbemselves. Mistures of nitrous oxide 
and oxygen, when given through long periods as in 
Hurgicii! operatioriB, are apt to induce a atiffiieBs, sometinies 
amounting to rigidity, whicli constitutes an objeotion to 
tlieir nae for long operations in general surgery. It lias 
been shown that the eUmination of carbonic dioxide is 
lessened during the inhalation of nitrous oxide, eo that it 
is only reasonable to expect some effects of accumulation 
of this gas in the blood and tissues. As Mr. Pateraon has 
pointed out it ia probable that " a process of internal 
asphj-xia " may occur. ^' 

During the condition of hyperiesthesia which precedes 
anieatheaia, the subject is often nfl'ceted by hallucinations, 
frequently of au erotic nature, and the impressions then 
received remain firmly imprinted upon the brain. The 
difficulty of convincing persons that such impressions are 
not realities should lead every administrator to secure 
independent evidence of his actions while his patient is 
unconscious. The bladder and even the rectum may be 
involuntarily emptied under nitrous oxide, especially in 
nervous persons, or if the ansesthetic is pushed, and hence 
it is always wiser to allow patients to pass urine before 
taking this aufesthetic. As a rule, the alimentary tract is 
unaffected by nitrous oxide, and nausea, vomiting, and 
bihons derangement, rarely occur after its administration. 
However, some persons through nervousness swallow the 
gas, and this causing distention of the stomach may give 
rise to a reflex vomiting. In view of the possible occoj 
rence of this trouble, it ia well for patients to abstain frot 
food immediately before taking nitrous osido gas. 
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Later e£FectiB, ivluch are Eaid in some mstanceB to ensue 
from the gas, are varioua functional derangements of the 
nervous Bystem, tinnitUB aurinm, headache, and amaurosis, 
btit these conditions occnr only with the most exceptional 
rarity. 

LafFont argniog from a somewhat limited number of 
cases, considers tliat the effects of nitrons oxide is to pro- 
duce untoward complication (1) in pregnancy, (2) at the 
menstrual epoch, (3} in persons subject to nervous dis- 
orders, (4) in diabetes, on account of the prejudicial effects 
of deprivation of oxygen in these conditions. As will ho 
pointed out later, hie contentions are fully met if we adopt 
the correct method of giving nitrous oxide, which ia to 
avoid any aspbyxial complications. 

It may be said generally that onr present knowledge of 
the physiological action of nitrous oxide goes to show that 
that agent has not any deleterious action in itself. It is a 
heart stimulant and is free from any irritant action on the 
lungs, it does not interfere with the functions of digestion 
or of the kidneys, but if given without snfBcient care or 
knowledge bad results may accrue, through the snpei'- 
vention of symptoms due wholly and solely to the accom- 
panying but unnecessary deoxygenation of the blood and 
tissnes. 

Duration of anGBsthesia. — The induction period 
of antesthesia by nitrous oxide varies, but is about 55 
seconds , The duration of anaesthesia is for aniemic 
persons and children, about SO seconda ; for adults, 40 
to 45 seconds. When given with air or oxygen, the 
duration of workable ancesthesia is longer, as the operator 
can depend upon immobility thronghont the whole period 
of unconsciousness. 

The greater the amount of gas inhaled, the longer the 
period of amesthesia, so that provided the patient is 
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reepirmg freely all the time, a longer period of induotiou 
loads to a longer aniBstliesia. Persons witli a large ■vital 
capacity take most ; children, feeble and auEemic people, 
least ; these last come rapidly under the indueuce of the 
anesthetic, and as rapidly resume consciousness. Such 
people are good subjects for air or osygen combined with 
nitrous oxide, as it allows them to inhale sufQcieut of the 
ftuffisthetic to render their blood saturated to the required 
extent for an effectual anesthesia. 



Choice of Method of Gn'iNO Nitrous Oxidk foe 
Vaeiods Operatioms. 

In very brief operations occupying less than half 
minute, nitrous oside may be given by mouth inhalation. 
When the patient is weakly, auiemic, cyauosed, or con- 
gested in appearance, or is a child, it is better to employ 
mixtures of nitrous oside with air, or oxygen. These mix- 
tures are also better (or operations requiring more time, 
as usually an additional ten seconds or so of available 
auffisthesia for operating is thus obtained. In longer 
dental operations the nasal method gives as much time- 
ten or fifteen minutes iu favourable cases — as is usually 
needed. The alternative methods for these prolonged opera- 
tions are nitrous oside followed by ether; chloride of ethyl 
by itself, or given with nitrous oxide. Hitrous oxide, with 
air or oxygen, can be given for major operations, provided 
they are not upon the month or naso-pharynx. Mr. 
Herbert Paterson'' has recorded a case lasting two hours 
and twenty-seven minutes, employhig 210 gallons of nitrous 
oxide, and others of some length. Mr. Bird has employed 

• Tra^M. Soc. Aitceith. vol. v., p. IBS, 1903, aUo West London iledical Jminial. 
liBO, pp. 202 213. 
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nitronG oxide dnriitg the performance of an ovariotomy, 
and others have used the method for prolonged eaeeB, I 
have oa many occasions obtained an anffisthesia of half an 
hour, but personally I regard the plan as less valuable in 
long, than in brief operations. There is rigidity, hght 
anesthesia, liability to reSex movements, and often some 
Beqaelm bqcIi as headache and vomiting. 



Dental Scboeey. 

Nitrons oxide alone, or combined, is the safest and 
probably the best anieathetic for this branch of surgery. 
"When nitrous oside is used alone, and pushed to the 
point of stertor and jactitation, two or three teeth may be 
extracted at one sitting, and expertness in operating may, 
in some cases, enable many more to be removed. Abnor- 
mality of the teeth or month may render extraction so 
diflScult, as to prevent the successful removal of one tooth 
at a sitting, and in all instances it is better not to promise 
the extraction of several teeth, unless the case be mani- 
festly an easy one. The operation should never be con- 
tinued when the patient is becoming conscious, otherwise 
be will complain that he perceived the removal of every 
tooth; to obviate such mishaps, an operator wonld do 
wisely to place himself in the hands of his antesthetiat, 
who vrill generally be better able to judge what may be 
done with impunity. Unless some special reason exist 
for desiring to extract several teeth at one sitting, it is 
advisable to let the patient attend twice or thrice, rather 
than to subject him to more than one administration on 
the same day. Extracting a number of teeth simnltane- 
oualy produces more or less severe shock, and shonld, 
therefore, when possible, be avoided. When it is neoes- 
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BU7 to perfonn «n estendre operation at one eittiug, one | 
of the plana snggested below (p. 87) ma; be adopted. 

NitroDB oiide may be given : — 

1. By itself. 
a. By inhaladon &om a bag Uirongli a vslved face- i 

piece. 
6. By the "open method" (Flax). 
e. By mouth injection (Coson). 
d. By nasal methods of Patersoo or of Hillian]. 

2. With some admixtnre with air. 
8, With oxygen. 

4. Combined with ether. 

5. Combined with chloride of ethyl. 



Thk Administration of Kitbous Oxide Gas. 

It will be necessiiry to gain an accurate knowledge of 
the apparatus required to produce anasthesia by the above 
methods, and ii description of those, as well as variona 
noceasary adjuncts, is here given. 



Apparatus Ee quired. 

(a) Nitrous oxide alone. — The apparatus figurei 
bolow is a simple and convenient one. Its main pecuUari 
tics are that (1) it is provided with an efficient " silencer* 
{K) which onsures absolute quietude, (2) it ia adapted fa 
gas only, and so offers no temptation to the administrata 
to give " only a wliifT of ether," (S) it possesses a apecii 
oontrivaiioo to filter tlie air, and, if necessary, to impreg 
uato the gua with aromatic or other vapours. It consist 
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of the UBual tripod (.-I), used because it is so portable and 
compact; this supports a steel cylinder containing fifty 




Fia. l.-Dr. Dudley B 




(£JHtei!l bolMe contai: 


Df liqiieHed nlCraas o.We. (C) India-rabber bag. 


(i» Ohamber contaiqing 


BpoHgB. cottau-WDol, &r. (Si Faoa-piece fltCed with 


atU<.-hlnK tube to admin 


. (G) tube for Inflating the air cnsblon. (I) Hook 



gallonB of compressed nitrous oxide (B). If the use of a 
horizontal cylinder ia preferred, it can, of course, replace 
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the vertical one figured. To ttie ontlet pipe (a) of tliis 
bottle is fixed the eilenoer (K), which checks all the hiss- 
ing and splnttering of gas, and from this a mohair tnbe 
of large calibre conducts the gas into an ordinary Cattlin's 
bag (0). Another tube is attached to this, which com- 
municates with a chamber made in metal, and opened or 
closed by a valve, permitting either air or nitrous oxide 
gae to enter. In this chamber {D) are placed morsels of 
fine honeycombed sponge, or teascd-out medicated cotton- 
wool. These substances can be moistened with lavender 
water, eau de Cologne, or with sa! volatile, or liq. 
ammoniffl dil. — if a stimulating action is needed. When 
it ia wished, chloride of ethyl can be given in suecession 
to nitrons oxide, by introducing the required amount of 
the former into the chamber (D). The ordinary Clover's 
face-piece (K) is attached by a bent metal tube, and 
provided with an efficient expiration valve of pecuhar 
construction (F). 

In cases when the breatb or buccal exhalations are 
hkely to be infective," as, for example, in phthisiB, 
syphilis, ijuinsy, &c,, the use of cotton-wool steeped in a 
germicide, such as terebene, is desirable. The cotton- 
wool ia a perfect air filter, and so prevents all infection 
of the Cattlin's bag and obviates any fear there might be 
of infecting the next patient. A few drops of eau de 
Cologne on the sponge will often help nervous children 
and in their case the " silencer " proves of great value. 

The reversible bag of Mr, Vernon Knowles of Beading, 
ia also a valuable safeguard. It can be turned inside out 
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after eacb inhalation and tlie rubber thoroughly cleansed. 
It is easily fitted to any apparntua which may be used. 




Dr. Hewitt*' has designed an useful inhaler which is 
figured below. The bag has a capacity of from 2 to 2i 

He« " Anxilhctlca und tlit^ir Aflmfnistration," IDOl, p. ill. Macmllliu]. 
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gallDiu, and is placed close to the face-piece so that ite 
mDmneats are readily seen, and the patient may ex- 
perience DO difficulty even during the mogt vigorous in- 
spiration. The valved stopcock connects the gas bag^^ 
the face-piece, it contains t^o thin india-rnbber valves 
vhich ate thrown into action by rotating the tap at the 
end of the fittmg. The handle opens the gas way and 
when tamed so that the slot which it controls is open, the 
patient breathes air eaBtly enough. The tap and the 
handle in this manner control the action of the valvee 





so that ait or gas can be breathed through the valves or 
backwards and forwards. In tlie last case the bag is con- 
verted into " a supplemental bag." 

Nitrous oside cylinders are supplied of sizes to produce 
100, 60 or 25 gallons of the gas. It is wise to have two 
cyhndeta yoked together to avoid inconvenience should 
the nitrous oxide fail before anesthesia is complete. The 
amount of aniesthetic left in a cylinder can teadily be 
ascertained by weighing, as the weight of the cylinder full 
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1 empty is a known quantity. The exit valve should be 
jrfectly closed after the operation. This can be tested 
fcy smearing water over the end of the tube, if gas is 
Mcaping the water rises in a bubble. 



SuESiMiHY Appakatus. 

Gags. — Various forma are in use, tho one made for 
me has special advantages from the facility it offers for 
rapid removal and replacement. It consists in replacing 
the Bcrew-fising arrangement by a ratchet as is seen in 
the figure. 




Flo. 4.-Ottglitted w 



I 

■ By putting the finger upon the iree end of the ratchet 
Bimd pressing it backwards as one does a trigger, the 
ratchet is released and the gag closes. To open it, it is 
only necessary to press the handles together and the 
ratchet will automatically gear and prevent closing of the 
month. The ratchet arrangement can be used with long 
or short handles, personally I prefer the latter. With long 
handles such powerful leverage is obtained that teeth may 
I he easily forced out of their sockets or snapped off if they 
e at all brittle. 



74 



ANAESTHETICS. 



A. verj- convenient gag has been devised by my friend 
Mr. Go wan of Great Btanmore, which combines tbft 
advantages of a sure gag and a mouth opener in caBee in 
which the teeth are sufBciently apart to allow its ineer- 
tion. It acts by turning the millhead from left to right, 
and fixes itself without requiring any screw. This gag is 
of value in cases of partial trismus. 




Of mouth dilators, or more accurately openers, Heister's, 
figured below, is the best. It possesses enormous power, 
BO it must be used with care. Its employment is indicated 
in cases of severe trismus, partial ankylosis, &c. The 
blades may be inserted either in a gap caused by the pre- 
vious extraction of a tooth, and if possible between the 
molars. If placed between iucisora the risk is run of 
forcing these teeth out of their sockets. Various mouth 
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Wbeneis made of wood or metal, tapering go as to act a 
Hftdge are in tise, but need no special meution. 




■ Fiu. 6— Mouth(ip™er(Heistef»i, 

Dental props. — ^Mr. Clover employed those made of 
hard wood, but, although very conveaient and not liable 
to slip, they are apt to get chipped and spbt 

The cleanest and nicest I know are those figured below 
and made of vulcanite. The shank is strengthened by a 
metal tube about which the bard vulcanite is placed. The 
ends are ridged and grooved to pre^eiit Uippmg 



^^ 



\ The mouth prop spoken highly of by Mr. A. 6. 
iderwood and figured below is also useful It has a 
b pad at either extremity (fig 8) 
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Although sprmg and mechanical props are objectiomtble 
upon the general ground of their hahility to get out of 
order or to break, yet some kinds are useful, and I Bubjoin 
illustratious of some of the best. 

Dr. Hewitt's gags (fig, 9) are serviceahle. They ate 
made of metal, shaped to fit between the upper aud 
lower teeth, and have removable iudiatubber caps oa 
their extremities. 

A central prop, fixing upon the anterior teeth with 
jt, rotating arm, permits of operations upon one 



' other 



£ 



Fig. U.— Dr. Uewiit'a gag. ■ 

side of the mouth according to the necessities of the case. 
A very convenient form is figured below (fig. 10), 

It possesses an easily working screw, which permits of 
very nice adjustment. The plates should rest upon more 
than one tooth in each jaw. 

No mouth prop or cork should be placed in the mouth 
without being first securely tied to a counterpoise which 
hangs out of the mouth, aud prevents the prop becoming 
wedged in the larynx or (esophagus in the event of its 
sHppiug. The few minutes spent in carefully adjusting 
tiie prop between the teeth should not be grudged, as the 
after success of the operation depends largely upon the 
security obtained by this manceuvie. It should be adopted 
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i a general rule, when possible, that the dental prop be 
laced not fnrtlier forward than the bicaspid^. 



!:=ii; 




The mouth spoon (fis- H), made for me by Messrs. 
I Ash, is safer than Mr. T, S. Carter's original pattern, in 
■ which the shank of the spoon is liable to separate from 




Fio. 11.— Month spool 



i Sbb bowl with obvious risk. By carrying the shank to the 
A'distal end of the bowl as in my pattern, this danger is 
Obviated. The use of the oral spoon is to catch any teeth 
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or roots whicli may fall ont of the forceps. Lower bicus- ■ fe 
pids are eGpecially apt to Epring out of the beaks of tbe 
tooth forceps. The spoou is held below the seat of open- 




tion, care being taken not to allow it to get in the way of 
the operator. 
The tongue forceps (fig. 12) figured above ueeds no 
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Bcial deBcrlptlon. Some persons prefer to use an iustru- 
int which pletces the tongue, as the pnnctared wonnd 
beheved to heal better than the orusbed surface of the 
igue caused by the usual form of forceps (fig. 13). 
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\. tracheotomy case should always 1 
en an anaesthetic is to be admiuistered. 
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Administration of nitrouB oxide in dental 
operations. — Tiie postnre of the patieot is a matter of 
some importance. It is essential tb&t he should be so 
placed that be is at perfect rest, his mnsdes relaxed and 
bis breathing and circalation qnite nnimpeded. To 
achiere this he is seated ia a chair, his body slightly 
extended on his pelvis, the legs banging freely and 
not pressed against the foot-piece. The bead Bhoald 
now be in a line with the track ; any marked degree of 
flexion or extension, not only causes diacomfort, but 
actually interferes with normal respiration. If the 
exigencies of the operation require any deviation from 
the natural pose of the head upon the shoulders, it is best 
for the anfeathetist to hold the head in the required posi- 
tion aftfr the patient has become nnconscioas, and to 
restore it to its normal poBition as soon w. 
Thick necked and atoiit persona should be most 
guarded against malposition, and the effects of pressure 
about the heart or abdomen. Ladies suffering from alight 
goitre often disguise the deformity by a lace necktie. It is 
always wise in view of this to have such neckties undone, 
that the antefithetist may at once see whether any cervical 
flwelling exists." 

The apparatus should be tried, and if the gas enters 
the bag freely and the valves are in good working order 
the dental prop may be placed in position. It must be 
carefully fixed in the opposite side of the mouth to that 
upon which the operation is to take place, and a glance 
cast round for artificial dentures, or an obtarator, 'which 




NITROUS OXIDE GAS. 81 

if present must be removed. Weai or broken down 
teeth shoald be noted and avoided in fixing the dental 
prop, and in the subsequent use of a gag. The adminis- 
trator usually stands to the left of the chair, having 
the stand with the cylinders of nitrous oxide to his 
right and a httle behind him. The gas bag should hang 
freely down to the left of the patient's chest. The patient 
is now to be reassured by a few cheering words, and 
directed to breathe naturally. It is well to allow a 
nervous subject to take several very deep inspirations 
before applying the face-piece, as these clear the luugs 
and divert the attention from a supposed horror of 
■' taking gas." The Cattlin bag is partly filled by turning 
the toothed foot-piece under the foot from right to left. 
The face-piece is then lightly applied to the patient's face, 
and retained by just sufBcient pressure to prevent the 
escape of the nitrous oside or the entrance of air around 
iUBhion. In a second or two, the patient becomes 
accustomed to the face-piece, and the administrator is 
able to learn that the valves act properly. At the instant 
of inspiration the stopcock is turned so that the patient 
inhales the uitrous oxide from the bag. During the ad- 

inistration this is kept nearly full of gas, by rotating the 
foot-piece from right to left. It is well to open the 
ingress way of gas during inspiration and close it during 
expiration. 

After the first fifteen or twenty seconds, that is, after 
the lungs are presumably filled with nitrous oside, and 
■when gas is gaining tension in the blood, slight duskiness 
of the skin appears, the ears and finger tips darken, oon- 
Bciousness, however, is usually present for ten or fifteen 
seconds longer. In half a minute the patient's power of 
receiving impressions and reasoning upon them is greatly 
interfered with, and soon all consciousness is lost. At 
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tliiG stage, incautious acts, such ab touching the conjano- 
tiva, maiing loud nolBas, or roughly handling the patient, 
may lead to his completely regaiaing cousciousneBs. In 
about forty-five seconds after the apphcation of tlie face- 
piece, the pupila will usually dilate, the eyes becoming 
dull and expressionless, while squinting may occur. The 
conjunctival reSes will persist, and if the face-piece be 
removed now, the return to consciousness will be rapid. 
There is at this etage, as a rule, time for the extraction of 
one tooth, if fairly loose. When the inhalation is not 
checked at this time, further signs of deeper narcosis 
appear. The breatliing grows stertorous,^' muscular 
movements of the hands and feet supervene, and the 
conjunctival reflex becomes sluggish, or disappears. The 
patient is now ready for operation, and it is not wise to 
attempt to push nitrous o^^ide beyond this point. 

In giving nitrous oxide to children, the face-piece should 
be removed with the very first sign of jactitation, other- 
wise their email bodies become so convulsed, that it is 
difficult to keep them still for operation, and valuable 
time is lost in the attempt to place them iu a convenient 
position. The jactitation may be prevented by the use 
of oxygen, or more simply by admitting a breath of air 
by opening tlie air valve while the nitrous oxide is shut 
off, or by removing the face-piece. This should be done 
when the patient is almost ready for operation, and 
usually the muscular quivering of the orbicularis palpe- 
brarum gives the warning that jactitation is about to 

* Lttr)TigealiibertiorninBC&eca,rofu]liciiai:riminatedtroia"«ioriiig." Patienta 
tdtta a thick peaduluua uvula, or enlarged tunsila or pnnt-iiasiil adengids. begin 

loose iBlffllT i:lieelia make a atflrtoronB BoanJ, hut (aUe atertor ahouH belgnored. 
The true Mertor, cauMd by vltirfttion ol the arytisna-opiglottiilran folds, only 
uoniea on after l-ttj or flfty seeoudaof tnhalation, aud )s more msaical In 
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After one or two iuspiratioua of air, tbi 
piece is reapplied, and tlie patient allowed to take several 
inspirations of tlie gas. 

It is important to be able to reeogniee tbe signs of 
returning coaBciousness, so as to know when to desist 
from further operative measures, and this can usually be 
done with certainty. In the first place, tbe normal colour 
of tbe face returns, tbe lips change from their ashen hue 
to a natural crimson. Tbe eyes recover their look of in- 
telligence. The patient commonly moves a limb, or utters 
a cry, though not one which implies consciousness ; rest- 
less movements of tbe body often occur. Children, also, 
are very liable to cry out although quite unconscious, and 
it is well to warn friends of this, otherwise they imagine 
tbe aniesthesia has failed. 

It is claimed by some authorities, that rebreathing tbe 
gas towards the end of tbe inhalation praduoes a more 
prolonged period of auffisthesia, and is in no sense pre- 
judicial. To effect this rebreathing, the expiration valve 
is closed, and the bag becomes a " supplemental bag." It 
is difficult, even on theoretical grounds, to understand why 
tbe rebreathing of nitrous oxide should produce a pro- 
longed effect, even if we admit that the supposed addition 
of carbonic dioxide acts concurrently witli the auEesthetic. 
As has been pointed out, tbe amount of this gas given off 
dnring tbe inhalation is lessened, so that the quantity 
acting during tbe few seconds occupied by the rebreathing 
would be extremely small. It is tbe devitahsatJon of re- 
hreathed air, rather than Its impurities, as has been shown 
by Sir Benjamin Ward Richardson, which renders it dele- 
terious. There is always debris from the lung tissue in 
rehreathed air, which in many, if not in all cases, it can 
Kliardly be desirable to breathe. 

I Occasionally tbe induction of aniesthesia by nitrous 
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oxide ia described in ''degrees" of narcoais, but the delimi- 
tation is so slight and empirical, that I have not been 
satisfied that 8uch a proceeding is of any real volne. 



After Efpects, 

Tbese are, as a rule, conspicuons by tlieir absence; 
bysterical women may laugh and cry, and work them- 
selves up to a pitch of excitement, which eympatbatio 
friends attribute to "the gas"; persons exhausted liy 
fasting and vigil or disease may become faint ; epileptics 
occasionally have a lit during the exhibition of the gae. 
or immediately afterwards. Vomiting is rare after nitrous 
oxide gas, although such a complication may occur with 
children, or if the anffisthetic be given immediately after a 
meal. Fereira states that in one case loss of taste foIloKed 
it, and I have met with a patient by whom anosmia was 
complained of for some days subsequently to the extrac- 
tion of a tooth under nitrous oxide. Among a few persona 
of peouhar organisation, certain nervous symptoms have 
been known to follow, as for instance, severe headache 
and general malaise. Sleeplessness- for a few nighta 
occasionaUy occurs ; I have met with it in a young delicate 
girl, who evinced no other ill-effect after inhaling nitrons 
oxide. Transient albuminuria has also followed it. It is 
alleged that glycosuria, and even diabetes have been caused 
by the inhalation of nitrous oxide, personally, I have never 
known of any such complications. These symptoms, rare 
after a single administration, are less infrequent when this 
aniesthetic is repeated twice at one sitting, hence it is 
better, when possible, to avoid the repetition. The graver 
dangers and deaths which have occurred under this anfes- 
thetio are considered below (pp. 91 et seq.). 
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(b) Open method. — Certain persoris and children are 
eatly alarmed by having a face-piece held over their noae 
id mouth. To obviate tlie necessity for this, Dr. Flux 
las devised aa ingenious plan for giving nitrouB oxide by 
open inhaler. "■ His procedure ia as follows ; — Gas is 
lOured into the upper open part of the inhaler through the 
iopoock leading from a gas-bag connected in the usual 
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to the source of supply. The nitrous oxide gas is 
enly allowed to Sow during inspiration, and owing to its 
great weight falls directly into the face-piece. The naove- 
ments of respiration, and the warmth of the expired 
vapour, tend to empt}' the inhaler, to prevent stagnation 
of its contents, and to favour the mixing of gas with air. 

i["b paper in Tranmetium iif llie Society of Anattlieliitt, voL ii., 
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Violent injection of the gas into the face-piece is nndesii- 
able, especially in the case of small persona or shdloiT 
breathers, as the air by tliis means may be completely 
driven out before diffusion of tbe gas has had time to 

occur. 

Tbe inhaler is open at tbe top and tbe edges must fit 
the face accurately in order to prevent any escape of ga> 
below tbe level of the nose and moutb. With very young 




children it is often convenient to use simply a folded 
napkin instead of a formal face-piece. In otbei casesi 
where it is inconvenient to employ a specially conBtructed 
open inhaler, an ordinary face-piece kept open by being 
tilted back from tbe face can be used. Tbe results obtained 
by Dr. Flux's method are good, the most striking features 
being tbe tramjuillity of the patient, tbo absence of cyanosis 
any sense of oppression. The amount of gas in- 
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lialed by the patient does not appear to exceed that with 
other metliods, but occasionitlly in nnaccnstomed hands, 
or when the supply of gas is not under easy control 
the amount iised is in excess of what is required. I have 
adopted Dr. Flux's plan frequently, and although recog- 
nising its merits in simple cases, I think it is better, 
as a rule, to commence the inhalation by the opeu 
inhaler and conclude with the usual closed mask. In 
this way one avoids the initial fright and yet ensures 
a deeper uarcoeis and better autesthesia than can be 
rehed upon when the open mask is used throughout the 
administration. 

Prolonged adminiBtration of nitrous 
[ oxide.— For cases where the operator requires an appre- 
I oiably longer period for his work one or other of the 
1 following methods may be employed. 

I By mouth-tube. — Mr. S, A. Coxon's method* 
I follows : — The patient is rendered unconscious by 
e ot tho usual apparatus. The face-piece is then 
rred and a bent tube of large cahbre connected with 
■'the nitrous oxide supply is introduced into the mouth so 
I that its free end is a short distance from the uvula. It 
I most conveniently passed behind the dental prop. A 
I steady stream of nitrous oxide, which Mr. Coxon recom- 
I mends should be warmed, is maintained until the opera- 
I tiou is completed. 

{(l) Adminiatratlon by nasal methods.— The 
I use of nasal tubes and catheters for maintaining nitrous 
} oxide aoiBsthesia was suggested by Mr. Clover, but he and 
[ others found it possessed many drawbacks. Mr. Harvey 
[ Hilliardt has more recently modified the plan, and devised 

laelimii 1/ Ihc Society if An(Hl/^li,U, lol. i.. p. 128. 

vol. I., p. 17U. S»B also Dental fltmnl, April 1, IWB, p. 1«7. 
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a new apparatiis which in his hands appears to be suo- 
ceaaful. Mr. Alfred Coleman's plan of giving nitrons 
oxide by the use of a nasal cap has been improved by the 
apparatus devised by Mr. Herbert Paterson. 

Mr. Paterson's apparatus '' is figured below. The 
nasal cap is carefully adjusted, the bag filled with nitrous 
oxide and the stopcock turned. The patient is requested 
to inspire through the nose and expire through the month. 
Ordinarily intelligent persons will boou learn to do this, 
but to assist them the celluloid face-piece is placed over the 
mouth after the insertion of the dental prop. The cellu- 
loid mask has an expiry valve but admits no air. In about 
half a minute stertor is heard, the celluloid mask removed, 
and the operation commenced. Nitrous oxide is allowed to 
flow, unless cyanosis, or other sign of deepening of the 
narcosis to an undesirable degree appears. If such 
occur the stopcock is turned and the nitrous oxide cut 
off for one or more respirations, to be then again supplied 
and antesthesia maintained as long aa the operation 
renders it necessary. The method is valuable for opera- 
tions at the back of the mouth and for lower teeth, 
as in practice, especially in persons with a short upper 
lip, the nasal cap gets in the way when front teeth in the 
upper jaw are being extracted. The cyanosis which is 
very Uable to supervene can usually be avoided by asing 
a supply of nitrous oxide, under low pressure, during the 
induction, or as Mr. Lukef of Edinburgh suggests, by 
employing a little oxygen concurrently with the nitrons 
oxide. It is a good plan when prolonged administration 
of nitrous oxide is employed, to diet the patient before- 
hand and to make him gargle well before inhaling, as 

• Sea Mr. Ptttaraon's paper in the Wilt London SttdiaU Jounutl, toI. Iv,, 
p. sn. 

iiesthesla in Dental Surgery." p. et, 190S. 
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mucUB collectuig ia the nfieopliarjns interferes wiU> 
antesthesia and produces cyanosis. My friend ill. Hoirard 
Mummery pointed this ont to me, and following his enggef 
tion has certainly facilitated the onset and qoiet main- 




tenance of anicstlicsia. A considerable supply of nitron* 
osiile must be nt band, as 30 to 40 gallons (Lnke) are 
required for a teu minutes' anEBstliesia, although, as' Mr, 
Pateraon poiuts out, experience with the use of the method 
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enables »n administrator to lessen very considerably the 
amount of antestbetic consumed for eacb patient. Mr. 
Lienno^ of Cambridge has suggested a very eimple and 
efficient apparatus for nasal aniesthettsation. This is 
figured above. As is shown, the nasal cap fits closely to 
the nostrils and does not get in the way of the operator ; 
this device is most useful when the patient is short lipped, 
or when anterior upper teeth have to be removed. Mr. 
Luke ■'' refers with approval, to a plan of Mr. Nash ot 
Ayr, in which an expiry valve ta placed on the nasal 
cap, and various sizes of nose-pieces to fit different types 
of faces are used. 



Difficulties . 
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Retching and vomiting. — Some persons retch 
as soon as the mouth is fised open by placing the dental 
prop in poaition, and this may even induce sickness. In 
most cases this arises from the mouth having been too 
widely opened, aud is con-eoted by bringing the prop for- 
ward and letting the mouth be partially closed. It is 
necessary occasionally to employ an extremely small prop 
and open the mouth by means of a gag when the patient 
is unconscious. In extreme cases, if the patient gargles 
the throat or has it lightly sprayed with a solution of 
eocfline {2 y.), the trouble can be overcome. 

More troublesome patients are those who commence to 
retch at a point when unconsciousness has occurred but 
iihe narcosis is only hght. It is usually impossible to push 
'ihe nitroua oside inhalation, and one has to be content 
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with a brief aiitesthGsia, and adopt ADotber aniestlietic on | 
the next occasion, 

Holding the breath by nervous patients 
uaualiy be overcome by tact and el few encouraging words, 
but I have met with persons who have induced semi- 
aspliysia and faintnesB by their peraieteuey. Puttiug the 
jaw forward rhythmically will induce an inspiration, and 
breathing onoo started will be maintained. Force should 
never be used except when it is necessary to prevent the 
patient from hurting himself. Children may be restrained, 
however, and compelled to inhale provided their parenta 
are willing that a certain amount of firmness should be 
employed. lu every case of breath -holding it is essential 
that one should ascertain whether any physical reason for 
it exists, such as spasm of the larynx or faulty position of | 
the patient. 

Coughing, sneezing, and "gagging" 
give trouble except in the stout and plethoric. If there is 
reason to fear the result of straining, as when the heart 
is feeble, it is better to give oxygen freely, or failing this, 
air, and not press the aniBsthetio until the complication 
has passed off. If the condition occurs early and oh- 
vionsly produces great distress, it is better to take off the 
faoe-piece and start ile novo when the patient has got over 
the attack. "Gagging" is usually due to irritability of 
the pharyngeal wall and commonly occurs in smokers. 
In slight degrees it is remedied by pushing the anaa- 
thetic. 

Pallor and cyanosis.— Paling in young patients 
may arise from shght faiutnoss, but must be closely 
watched, as if it increases, especially when nitrous oxide 
is being given by itself, it may lead to syncope and require 
prompt treatment, such as lowering the head. Cyanosis 
on the other hand is commonly met with among elderly 
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persons, especially if stout and plethoric. It iccreases 
even after the withdrawal of the face- piece, and re- 
quires careful treatment. Even with osygen this con- 
dition may sapervene, and if in spite of increasing the 
oxygen it is not removed, the patient should be allowed 
to come round, as forcing nitrous o:dde in these cases ia 
a dangerous practice. 

HsBinatemesis and epistaxis.— The former 
rarely occurs, and when it does must be treated on 
general medical principles. It is obnously essential to 
place the patient In a recumbent posture and to turn the 
bead to one side. But like epistaxls a minor degree of 
biematemesis may occur and not be recognised if the ad- 
ministrator has allowed his attention to fiag. Epistaxis 
will seriously interfere with respiration when the head is 
extended. Slight nose bleeding is not at all uncommon 
after inhaling nitrons oxide. In either case the adminis- 
tration must be stojiped. 

Hysteria and excitement. — Occasionally excite- 
ment, almost maniacal, occurs after nitrous oxide, while 
leaser degrees of emotional disturbance are not uncom- 
mon. No serious treatment is necessary ; judgment and 
firmness will meet the requirements of the case. The 
tendency to erotic dreams and haliucinations under these 
circumstances should be remembered. 

Dislocation of the jaw either partial or complex 
may occur. Its treatmeut, however, belongs rather to the . 
field of surgery. 



Danobbb ATTBNDiNa Nrraous OxmE Aduinistration. 

, — Among the graver complications may ho 
syncope. While syncope seldom occurs during 
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nitrous oxide narcosis, it is undoubtedly a possible 
danger, especially among tlie neurastheuic and feeble. It 
may taka place before complete narcosis, and is tben 
probably due in part to subjective sensationa, such as 
dread of tbe impendiug operation, terror of tbe aniestbetic, 
or fear of suffocation. There are reported cases in wbicb 
syncope baa only been observed after removal of the face- 
piece, while in others, all has apparently gone well until tbe 
operation has been commenced, when tbe condition of the 
patient suddenly became alarming. Whether death fi'om 
syncope due wholly and solely to nitrous oxide has ever 
taken place is doubtful. In the few deaths which have 
attended its use and have been reported, incomplete anies- 
thesia haa played an important part, while fright and 
shock have imdoubtedly contributed to tbe causation of 
the fatal result. When nitrous oxide is given without 
regard to the avoidance of aepbyxial complications it 
may lead to syncope, due to grave interference with 
the pulmonary circulation. Persons whose breathing 
is hampered at tbe time of taking nitrous oxide incur 
tbe gravest danger of syncope, if tbia gaa is incautiously 
employed. Tbe antcmic are also liable to this danger 
unless care is taken to avoid undue deprivation of 
oxygen. Stout persons wearing tightly laced corsets 
are prone to syncope, and have succumbed to this while 
under tbe influence of nitrous oxide, especially if the 
stomach ia distended by a recent meal. 

FaintnesS. — Less sovereforms of circulatory failure, 
however, such as faintness, sometimes supervene, and 
should be counteracted by placing tbe patient supine on 
tbe ground, cliafing the bauds, applying smelling salts or 
aromatic vuiegar to the uoatrils, and slapping the face 
and cheat with towels wrung out in very cold water. 
All garments about the waist, chest, and neck, must be 
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loosened, if tluB has not been done, as it Bboaid have been, 
before the gas was administered. TUe inhalation of a few 
■whiffs of nitrite of arnyl will often relieve the heart, It is 
Bometimee advised to inject ether under the skin, but the 
utility of this is doubtful, nor is it likely to be called for 
in the class of cases above mentioned. A measure which 
I have practically tested and have reason to estimate very 
liighly is partial or total inversion of the patient. In the 
movable dental chairs, so commonly used, this can be 
done even in the case of women without indelicacy or 
difficulty. 

Respiratory difficulties. — In some cases a certain 
amount of laryngeal spasm may occur although it is 
rare. A case has been reported in which this condition 
was eo severe as to render laryngotomy necessary. ■■■ As 
a rule, drawing forward the tongue using rhythmic trac- 
tion will relax the spasm. Breathing in some cases he- 
fiomes very shallow and may atop altogether, but this need 
not cause alarm unless indeed it should cease for longer 
than five or six second^!. Then it is well, after seeing that 
there is no falling back of the tongue or foreign body im- 
peding respiration, to press up the ribs from below by 
standing in front of the x)atient, and grasping the chest 
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with both bands placed about the lower half of the bony 1 
thorax. This Bimple manoeuvre will initiate spontaiieoaB | 
respirations, and all will go well. Youug children ocoa- 
sionally cease to breathe if the nitrous oxide is pushed to 1 
profound narcosis, and conipression of the chest becomes ] 
ueoessary. Patients suffering from conditions such aa I 
laryngeal stenosis, goitre, enlarged glands and inflai 
tory swelling of the neck are peculiarly hable to respira- ] 
tory difficulty under nitrous oxide. As has been pointed [ 
out, it is better to avoid this aniesthetic for such cases, and I 
if it is used at all it must be limited in dose, and all I 
asphyxia! phenomena carefully watched for and remedied 
by the use of oxygen, and the upper air-paBsages must ia 
threatened asphyxia be opened. Even enlarged tonsilB, I 
especially when inflamed, may cause serious danger under ' 
this antesthetic. A case in which death followed the 
administration has been recorded.''' I have on a few 
occasions met with respiratory difficulty which waa fortu- 
nately only transient, evinced by cyanosis and severe 
dyspnoea in persona whose only apparent disability con- 
sisted in their being plethoric, and having a short thick 
neck and rigid chest. 

Asphyxia oauaed by foreign bodieB. — Vomit- 
ing during inhalation of nitrous oxide is uuoommon, but 
may occur and even escape notice. If the vomit is aspir- 
ated into the lungs fatal results may follow, especially if 
the patient has incautiouely taken solid food recently. 
Portions of undigested meat or other sohd may, of course, 
become impacted in the glottis and cause dangerous or 
fatalreaulta. Impaction in the ceeophagus may by pressure 
produce suffocation. A sponge need to prevent blood enter- 
ing the larynx has in one case proved fatal. The person 
who placed the sponge in position appears to have forgotten 

• Tramadfoi^l q/ the Sodchj c/ A<,<fsllu:li,t>, vol. *!.. p. 12. 
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it, and it was allowed to remain over the glottis occluding 
the air-passage while artificial respiration was kept up. 
Among dangers muet be mentioned those which are due 
to the operation rather than to the anfesthetic. Thus, 
when a prop is placed between the teeth, it should be 
guarded from slipping back into the windpipe by being 
tied to another hanging freely outside the mouth, and the 
props used should be made of some material not liable to 
crack or break off. The month should be cleared of arti- 
ficial dentures, especially small plates. Accidents have 
arisen from teeth or portions of teeth being allowed to fall 
back from the beaka of forceps to the glottis, a deep 
inspiration then drawing the tooth into the trachea 
Bicuspid teeth from their shape ai-e very prone to jump 
out of the beaks of the forceps during extraction. In 
several recorded cases these teeth have entered the trachea 
and caused death, either at once or secondarily, by causing 
abscess of the lung. The tooth forceps have in recorded 
oases broken, and a fragment become lodged in the bifur- 
cation of the trachea. 

The dangers of these casualties are: — (1) immediate, 
from asphyxia due to laryngeal spasm excited by the 
foreign body becoming impacted in the larynx ; and (2) 
secondarily from septic pneumonia set up by the foreign 
body having found its way into a bronchus. 

To ileal with such cases. — Firstly, as to precautions. All 
instruments used for the mouth should be carefully ex- 
amined for flaws, and all gags, props, &c., be secured by 
fishing gut, or some strong cleanly material, and attached 
outside the month. 

In extracting teeth the forceps should after each extrac- 
tion be wiped quickly twice across a napkin, in order to 
free them from the tooth just removed before the next 
extraction is attempted. Fragments of teeth should never 
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be left looee in the mouth, even with the object of gaining 
time. The use of the mouth spoon (p. 77) will often avoid I 
tbeBG serious accidents. 

Should there be any fragments detached from the tooth i 
or forceps, &c., which cannot be seen and picked out, the 
anffisthetist should at once bend the head forward and 
sweep the finger round the mouth so as to carry any 
foreign body forward, when it cau be seized and re- 
moved ; in this way it may sometimes be possible to dis- , 
lodge a foreign body situate at the epiglottis. It should ] 
be remembered that the tongue must not be drawn for- 
ward, as by HO doing the larynx will be left exposed, the 
epigtottie being dragged from it, also because the patient 
is thereby induced to take a deep iuspiratiou which facili- 
tates the passage of the foreign body into the air-passages. 

If the obstruction cannot be felt, and there are sigus of 
impending asphyxia, inversion should be attempted, and 
the patient if sufficiently conscious should be instructed to 
expire very deeply, coughing with tlie act, while he in- * 
spires as shallowly as he is able. This manceuvre has 
succeeded in dislodging a tooth which had passed into the 
trachea. 

There is, however, a danger that inversion may cause 
the foreign body to lodge in the larynx and so excite 
spasm, and should this occur the trachea must be at once 
opened. Failing these measures, if the patient be dys- 
pnceie and death by asphyxia seems imminent, the trachea 
must be opened by tracheotomy '■' (see Chap. X.). When 
the aspbyxial symptoms are due to the patient having 
vomited into the face-piece, it wiU usually suffice to 
forcibly open the mouth and sponge away the vomitus. 
However, solid food may become impacted in the rima or 
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the cesophagua occluding tbe larjni by presBure, and 
necessitate the opening of the trachea below the ob- 
nction. 

Hania is a rare complication following nitrous oxide 
lalation, which has occurred In perBons subject to 
nental disease. 

Eplleptio fits may occur durmg the induction or 
Allowing anesthesia, but beyond taking care that the 
)ngue is not bitten no special treatment is necessary. 
Hemiplegia and apoplectic seizures have been 
jcorded as occurring after nitrous oxide, but are es- 
remely rare. When there has been much straiuiug and 
^anoBis, ocular ecchymosis and even retinal boemorrhage 
lay result after this anfesthetic. 



W The Use of Nitrous Oxide is the Puehperiuji and is 
Disease, 

Pregnant women, provided they be not within a. 
very short period of their accouchement, are not prejudi- 
ciaUy affected by this aoffisthetic. The shock of even a 
minor operation is quite as likely to provoke premature 
delivery as taking nitrous oxide. Tbe child appears also 
to be quite unaffected, aB one would expect, since its oxy- 
gen tension is habitually low, and further because the 
elimination of nitrous oxide from the blood is very rapid. 
Especial care should be taken in administering nitrous 
oxide in these cases and all asphyxial complications must 
be avoided, as the nervous system is peculiarly hable 
ander such conditions to receive strong impressions and 
is easily thrown off its balance. Hysterical emotional 
outbursts if they occur will certainly be attributed to the 
inhalation, so that unless Imperatively called for, opera- 
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tive measares shonld be deferred until after parturition. 
In the early montlis of pregoancy vomiting may be excited 
by nitrouB oxide. 

liaotation ie not iu the majority of cnses prejudicially 
affected by nitrous oxide gafl. During menstruation 
women may aafely take this ancesthetic, with the leserva- 
tioQ that Biuce their nervons Byetem ib at thiB time lesa 
stable than ordinary, these patients will be a little more 
likely to be " upaet,'' hysterical, and bo on. It is noticed 
elsewhere that erotic hallucinations under nitrous oiide 
are more prone to occur at the " monthly period" than at 
other timee. 

Advanced age, as auch, offers no reason for declin- 1 
iug to administer nitrous oxide, patients over ninety 
having taken it successfally. When great vascular 
feebleness exists, there is more risk, as the greater 
ta^ imposed upon the heart by checking oxidation In the 
lungs, and so impoverishing the tissues, may provoke 
syncope. However, with due care and watohftilneaa even 
the very feeblest can take nitrous oxide with impunity. 
In practice I have found it wise to administer a little 
ether in conjunction with the gas when great circulatory 
en feeble men t is present. 

In extensive lung disease, especially in phthisis, 
when hiemorrhage has been known to have occurred, 
nitrous oxide must be given with caution, as there Is 
danger of exciting fresh bleeding from the lungs. Accord- 
ing to Mr, Woodhouse Braine, narcosis deepens in phthi- I 
sical patients after the withdrawal of the face-piece, and 1 
so special care is needed in the management of such cases. 
It is probable that this is really due to enfeebled expira- 
tion preventing the usual elimination of the aniDsthotic. 

Heart disease, except when the tendency to syncopa 
is considerably increased, is no contra -indication to giving i 
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Bitrous oxide. In all caeea it ia necesBary to weigh id 

I mind wliich will be most likely to jeopardiaa the 

tatient'e welfare — tlie perfonriaiice of an operation without 

Bathetic, or the giving of the anfeathetio. Broadly 

t may be stated that if the patient can support the shock 

fcf the operation, he will certainly survive the anfesthetie. 

HTalvular disease, unless marked want of compensa- 

present, is not contra-indicatory to nitrous oxide 

ihalation. Wlieu the heart is greatly dilated and the 

hypertrophy has failed to overcome the obstructed 

Circulation, or when marked muscular degeneration of the 

lieatt fibres has taken place, there is necessity for caution, 

ind of such patients the most anxious care should be 

n&ken. In all the cases referred to in this section it is 

"beet to employ nitroua oside and oxygen, or air, rather 

than to rely upon nitroas oxide by itself. 



Deaths fbou Nitrous Oxide Administbation. 

Several deaths have been imputed to the use of this 
agent, but it is doubtful whether any of the cases re- 
corded were directly due to the physiological action of 
nitrons oxide gas. In some instances insufScient narcosis 
was maintained, and as a result the patient fdt the pain, 
and syncope ensued. In others, either the entire gag or a 
portion of it slipped, and found its way into the patient's 
Ijiarynx, there to excite spasm and suffocation. A fuller 
^Doont of these fatalities will be given at the end of this 
Aiapter, 



, Nitroua oxide given with air. — The most 
■ Accurate method is to work with gasometers containing 
I definite mixtures, but it is necessarily only apphcable for 
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boapitals and so will not be described bere.*^ When 
nitrouB oxide is given and air allowed to enter as the 
autesthetist deems it expedient, one of two plans Is 
followed, (1) the air is given intermittently, (2) it is given 
in small quantity tliroughont the whole administrations 
the amount being increased or lessened as the symptoms 
seem to indicate. Paul Bert's experiments with nitrous 
oxide and air, gave unsatisfactory results, because be 
attempted to employ only fixed proportions. Mr. Tom 
Bird informs me be used air with gas, as early aa between 
1870 and 1880, but I believe his results were not formally 
published. Mr. Eowell has spoken well of the plan of 
intermittent admissions of air,| and insists upon the 
importance of preventing air getting into the nitrous oxide 
bag. He employs the apparatus described on p. 73. 
There is little doubt that most of the older forms of 
apparatus allowed a leakage of air, so that the patieut was 
really breathing a mixture of gas and air. This fact no 
doubt explains the marked differences shown by various 
patients under the influence of nitrous oxide. No attempt 
was made to limit or graduate the amount of air given. 

Continuous inhalation of gas and air,^ — Mr. 
Carter Braiue has devised a face-piece figured below which 
is intended to supply a ready means of admitting a vary- 
ing proportion of air. 

Mr. Brainej: gives the following directions for adminis- 
tration :—" Commence with all the holes covered (fig. 18), 
and after the patient has taken two, or perhaps three, 
inspirations of gas, and the gas-bag has become lax, tarn 
on one or two of the air-holes. Do not allow the gas-bag- 
to become distended, or very httle, if any, air will enter 
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tbrongb the perforations, Turn on more holes according 
to jour patient's condition." 

In the use of other forms of apparatus the following 
plan ia adopted. The slot, which, when closed admits 
gaB, and when open air, is left bo that a chink remains 
patent. The chink can he made wider or narrower as 
the case seems to require. No special apparatus is 
neceBsary, those described on pp. ti9 and 72 answer well. 

Intermittent supply. — The patient inhales gas in 
the ordinary way until presumably all the residual pul- 
monary air ia eschanged for nitrous oxide. The number 






f of respirations required to produce this, varies with the 

\ Titftl capacity of the individual and the force of his reapira- 

I tions. As a rule children take ten or twelve good inspira- 

f tiona, women a few more, and men about twenty. It 

it be remembered that although the normal of respira- 

' tion is seventeen per minute for adults, the breathing is 

much more rapid under anroathetica, so that as a rule, it 

i necesaary to admit air before a minute of inhalation 

as passed. When the quickened breathing, due in large 

measure to excitement, is settling down into slow, steady, 
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regnlu respntions, and the bee b losing its bright look 
uid growing Ansky, s ln«&th ot air is admitted by qoicMj 
closing the Taire vhidi nsnally admits gas, while air is 
p^nnitted to enter, taking care that on expiration foUoirsd 
by an intyiration is performed while the air-nay is open. 
Nitrons oxide is then inhaled for a few breaths and the 
dose of air again given. If the cyanosis is marked and 
jactitation or stertor appears, two or even three breaths 
may be given conaecntively. When the patient is folly 
under, it is wise to give one breath of air and then five oi 
six of nitroaa oxide, and then remove the face-piece for the 
operator to commence his proceedings. The time occa- 
pied in prodacing aniesthesia may be a minnte and a half, 
two or even three muintes, and the period of aniesthesia is 
usually longer than when only nitrous oxide is employed. 
I have obtained a workable seventy seconds by this 
method. 

For prolonged operations. — The patient is pat 
under with nitrons oxide and air as described above and 
then tlic mask removed, and as soon as any signs of re- 
turning consciousness appear more of the aniesthetic is 
given. This plan wUl enable operations lasting twenty 
minutes or even longer to be performed, although there 
seems no advantage in using nitrons oside for prolo^H 
antesthesia. 



:olon ged 

4 



B. NitrouB oxide ivith oxygen.— The apparatus 

devised by M, Fontaine for carrying out Paul Bert's 
method of giving these gases under pressure, has practi- 
cally gone out of use, so a mere mention of it will suffice. 
The name of Paul Bert must, however, always be remem- 
with honour in this conuesion, for his classical 
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researchea [Compt. rend, de I'Acad. des Se., 1878, 1879, &c.) 
pnved the way for tlie present simpler and better methods. 

HiJhscher's apparatus I have used, but have not found 
it so satisfactory as those devised by Dr. Hewitt and Mr, 
EumboU/' 

Dr. Hewitt's apparatus. — Two bags completely 
eeparated by an indiarubber division contain the two 
gases. These are severally connected by tubes arranged 
one within the other with the steel cylinders containing 
the oxygen and nitrous oxide respectively. Tbe oxygen 
passes into a small chamber which is separated from the 
mixing chamber, but can escape into the latter by one or 
more perforations in the wall when the revolving inner 
drum is turned. This is moved by a handle attached to 
tbe indicator. Tbe figures given below show the apparatus 
complete (fig. 19) and the various portions of the regula- 
ting stopcock with the mising chamber are seen in fig. 20. 

Snccess in the use of this method can only be obtained 
by tbe most careful attention to carrying out its details. 
The patient should be so placed that tbe face-piece can fit 
accurately, as it is important that no air enters between 
the air cushion and the face. The air cushion should be 
distended and as tbe mask is pressed firmly upon the face 
sufficient of tbe air should be allowed to escape from the 
cushion by turning the tap until an accurate co-adaptation 
is obtained. Tbe head should be in tbe normal line of the 
body, and of course, as in the case of any auiesthetic being 
given, all clothing should be loose. Since it is most im* 
portant that tbe various valves are working properly, it is 
well, after fitting on tbe face-piece and before turning on 

■ These SgnrB.? of bia apparaCiiit are leoC me by Dr. Hewitt, v.m\ u.p[iHiir lu bU 
fcHilt, " Tbe Ailmlniatra Dion of Nilroua Oniifo ana Oivgen (or llonlal Opem- 
,tians," Ash and Sana. London, a,nd for those of Mr. KuDibidl I am iadebtiid to 

anrteiy of Mr. Kidney BamboII and Masxra. Donn. Tbe dcwriptiop of Dr, 

tt's apparatus is largely (ifcen from the nbute worl;. 
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Fio. 10.— Dr. HewdC'a jipparHtus for giring nltronB oxldn gas with OKygen 

the gases from the cylinders, to allow the patient 
brefttlie two or three times through the apparatus (fig, 1! 
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e handle attaahed to the indicator is then to be turned 
p that the latter pointa to " 2," thus permitting a small 
pantity of osygen to mis with the nitrous oxide. If the 
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patient is a child, is anEemic, or ahoivs eigns of rapidly 
developing cyanosie it is well to puBh tha indicator at once 
to " i." After a few breaths, ehouid any change of colour 
appear, the indicator ehouid be pushed to 5 and 6 or on- 
ward as the judgment of the administrator suggests. The 
appearance of sigus of cjanosiB, stertor, muscular twitoh- 
ingB, are indications for allowing more and more oxygen 
to enter the mixing chamber, while the presence of a 
ruddy red flush over the forehead, an apnceic condition 
without blueness, the commencing of purposeful muscular 
movements, signs of excitement, talking, persistent con- 
sciousness, are indications that the patient is getting too 
much oxygen. In this case the indicator can he turned 
back to " 2 " or even " " until quietude is established. 
At this stage it is irell to again allow some oxygen to 
enter, and if the patient takes this percentage with 
success, to allow him to inhale for a minute or so after 
aniesthoBia has developed itself. In this way a more pro- 
longed period of aufesthesia is obtained. By a shght 
addition to the apparatus, not, however, shown in the 
figure, a fuller supply of oxygen can be obtained. This 
will be necessary when the apparatus is used for pro- 
longed aufesthesia. Dr. Hewitt prefers to have the bags 
only partly distended and insists upon the importance of 
maintaining them as nearly as possible of the same size 
throughout the administration. If, however, the symp- 
toms are carefully watched I think perhaps the best 
results are obtained by keeping the oxygen bag about two- 
tliirda full, and by varying the fulness of the nitrous oxide 
bag as the symptoms seem to demand. It must, however, 
be remembered that filling the one bag exerts pressure 
upon its companion through the dividing septum, and 
hence neither bag should ever be filled to distention. The 
possibility of a small opening between the bags should be 
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Home in mind if anomalous BjmptomB caused by an 
s of oxygen in the mixture become apparent. At the 
when the patient is auffistbetised it is my custom to 
■aiHcontinne tlie supply of either gas from the cylinders 
l^and to allow the patient to breathe the mixed gases vitL- 
Lout any added pressure from the inrush of a fresh supply. 
The signs of un con scion Boess are not so clear ae in the 
) of nitrous oxide given by itself. The inhalation will 
)ccupy in many cases two minutes or even longer.'- In- 
Beed, the longer the period of induction is, provided too 
Binch oxygen has not been admitted, the more satisfactory 
auffisthesia. The signs of anfesthesia are soft 
•• distant " snoring breathing, fixation of the ocular globes 
md an insensitive conjunctiva. The muscular system 
jhould be fully relaxed. The pupils usually remain of nor* 
,1 size. The period of anesthesia varies within 
wide limits but is usually slightly longer than wheu nitrous 
oxide is given alone. After effects such as languor, 
nausea, vomiting, headache, slight vertigo, 
following the use of nitrous oxide diluted with oxygen are 
somewhat more frec[uent than when nitrons oxide is used 
alone. This is probably due in part or entirely to the 
more prolonged period of the induction of aniesthesia. 
The patients are longer in recovering their wits and occa- 
sionally remain in a dazed state for some minutes. The 
after effects following the use of nitrous oxide and air 
are practically those already described in speaking of 
nitrous oxide. In the case of nitrous oxide when used 
with oxygen, the only after symptom of any momeut is 
that of nausea with or without vomiting. This is rather 
more frequent as a complication when this mixture is 
employed than when nitrous oxide is given alone. On the 
I other hand, the evil effects of cyanosis and its sequels are 

• Dr. Hewitt givea tfs averftgo as UU lecnmlK. 
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conspicuously nbsent after nitrous oside and oxygen. No 
case of death whicli can be regarded ae being tlie direct 1 
result of tbia mixture has been reported, so tbat we must , 
regard the method as extremely safe. 
Mr. Sidney RumboU's apparatus consists as is ; 




shown by fig. 21 of two bags, one for oxygen and one for 
nitrons oxide, and a face-pieoe fitted with a regulating 
stopcock, permitting the patient to inspire nitrous o'iide, 
oxygen, or a combination of these gases in different pro- 
portions. There is an expiration valve (C), two tubes AS 
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bd B6 communicating with the cylinders and filling the 
MgB Aa and Ha respectively, while A and B convey the 
IB to the stopcock. The indicator (D) is turned to air, 
, N^O+O or 0, according as the patient is to breathe 
nitrous oxide, nitrous oside and oxygen, or oxygen, 
he figures opposite NjO+0 indicate approximately the 
terceutage 2, i, 6, &c. of oxygen. 
For use the face-piece is fitted to the stopcock, so that 
slot in the mount is in a straight line with the air- 
e E. The indicator D is turned to "Air," and the 
hags are filled three parts full of oxygen and nitrous oxide 
tSBpectively, Aa being the nitrous oxide, B6 the oxygen 

The face-piece is then carefully adjusted and the patieut 
breathes first air. The indicator heing turned to NjO, 
he has nitrous oxide. Subsequently the indicator is 
turned towards according to the percentage of oxygen 
required. If from collapse, or for any other cause, it is 
desirable to perfuse the lungs with oxygen the indicator is 
turned to 0. The apparatus is extremely simple aud 
useful, not only for brief but for the prolonged employ- 
ment of nitrous oxide and oxygen. 

Experience alone can enable the administrator to regu- 
late the amount of oxygen required for any given ease. 
It should be remembered that the addition of oxygen is 
simply made to enable a patient to go on breathing 
nitrous oxide without suffering from oxygen starvation. 
In other words oxygen is an adjunct and not an adjuvant 
anffisthetic such as ether, so that aa little should be given 
as is consistent with maintainmg the required oxygen ten- 
sion in the pulmonary air cells. Thus full blooded 
men in robust health require less oxygen, alooholio 
subjects are apt to become excited if oxygen is given 
all freely at first. Children, the aoiemic, aud persons 
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in feeble health, or tvbo snfTer froui auy disease pmg 
rise to cyanosis unA venous engorgement) eepoi- 
ally where the circulation is feeble, re-iiiire more 
oxygen, and frequently the quantity given mnst be rapidlj 
increaEed at the commencement of inhalation, even if tbt 
amount is lesseneil later on. 



4. Nitrous oxide in combination vlth 
ether. — In cases in which more time is required than 
nitrous oxide gives, the use of ether — but in eonjnnotioii 
with the gas — is to he recommended. The apparatns 
which I have found most serviceable is what was oailed 
Clover's Gaa and Ether Inhaler, although since Mr. 
Clover's time many useful alterations have been made in 
its construction. The reader ie referred to page 14Tfor 
particulars of this method. 



5. Nitrous oxide in combination with 
chloride of ethyL^The employment of nitrous oside 
antecedently to chloride of ethyl is described on page 268, 
and the reader is referred to this section. 



Nitrous oxide given from a gasDmeter.— 

Where a gasometer is kept a modification of the above 
apparatus is in use. A long tube screws on to the efferent 
pipe of the gasometer, conveying the gas to a bag of 2 or 
3 gallons' capacity. This may be connected directly with 
a face-piece or conveyed to it by another length of tubing, 
and by using a three-way-cock it is easy to combine this 
apparatus ju gear with Clover's small ether inhaler,, 
with apparatus figured on page 72, 
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6. Prolonged nitroas oxide administra- 
Uon. — In cases iu which the sargeon requires access to 
pQ moatb, nitrous oxide may be admmistered through 

e nose, as described above, p. 87. The only difficulty in 
ne management of these cases is, avoiding on the one 
land cyanosis, and on the other, undue admission of air, 
md these estremes can with practice be avoided. When 
lie operation is not upon the mouth, nose or buccal 
invity, by giving air alternately with nitrous oxide a pro- 

inged aniesthesia can readily be obtained. As soon as 
jhe patient ehows the signs of complete narcosis the face- 
j lifted and air admitted for three or four breaths, 
4ien it is replaced and more nitrous oxide given. If 
inosis and jactitation are avoided an extremely satisfitc- 
kiry anesthesia can be indefinitely obtained, only hmited 
indeed by the supply of nitrous oxide. There is apt to he 
some rigidity in the mnaclea after a few minutes' inhala- 
tion, and the after effects are not always satisfactory, 
headache and even sickness not uncommonly occurring. 



Death Dubin-g Nitrous Oxide Administhatios, 



In the return of deaths published by the Lancet^' thirteen 
are given. The causes assigned are (1) asphyxia ; (2) 
fright {imperfect auEosthesia) ; (3) congestion of the lungs 
which was not known to be present when the anroathetic 
was administered ; (4) phthisis (last stage) ; (6) asphyxia 
due to impaction in the larynx, (a) of a broken gag, (i) of a 
molar tooth; (6) syncope {three cases), shock of extraction 
of a tooth in partial narcosis, while in one case the cause 

• Eoport ot the T.aiwrt Cnnimts^lan appointed to in«eatiKfttfl tlie sHliic>i't ut 
~ a sdmlniatration of chlumrunii and otbvr .lu^i'StlieticH, truin tbu tlltilual 
I itAndpoint, 1S93, p. 1'^. 
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of death assigned was tight koing iaterfering 
piration and oirculation. Three other cases are 
this report in which reepiration failed, hut tlie patient's 
life was saved by prompt recourse being had to artificial 
respiration. In a paper vritten b^ the author'' sixteen 
deaths are tabulated and classified, but some of these are 
identical with those meutioned above, tliree additional 
being given. Dr. Maughant records another case similar 
in many aspects to a. fatality which occurred at a London 
Hospital a few years back. 

The references are given that a full study can be made 
of the cases. It is proposed here to give merely a general 
summary of the actual canses of the deaths. In most 
oases the death could not have occurred simply as a result 
of nitrous oxide inhalation. In at least three cases the 
patients suffered from conditions which rendered the 
upper air-ways constricted, and liable to complete closure 
if any marked venous engorgement arose, such as might 
occur during the inhalation of nitrous oxide. CBdema, 
inflammatory swelling affecting the tonsils, tongue, larynx 
and adjacent tissues, are extremely likely to cause asphyxia 
wheu nitrons oxide is inhaled, and patients suffering from 
such conditions are not satisfactory subjects for this ames- 
thetio. A goitre may produce dangerous symptoms, [ 
Spasm of the larynx has been reported and its possible 
supervention, even without the mechanical irritation 
caused by fragments of teeth, Ac, must be remembered, 
as death has resulted from impaction of foreign bodies in 
the larynx when the patient was under nitrous oxide. 
This spasmodic closure probably was the cause of one of 
the deaths and followed inhaling impure and irritating 
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Cough and difficulty of respiration shotild always 

mggest this poBeible comphcation aad the gas should be 

ited before the patient ia allowed to inhale it, if the lirst 

tttempt causes severe laryngeal irritation. The admiuis- 

,tor can easily determine whether the gas ia impure by 

imself inhaling a few breaths of it. As to syncope, un- 

iidoubtedly deaths have arisen &om heart faUore ; these 

result either from fright aud incomplete anicsthesia alone, 

more usually these states are contributory to inducing 

xdiac failure in the ausmic and feeble. 

Suffocation, either from foreign bodies or vomit, sponges, 

&c., blocking the air passages, have in some of the cases 

caused death, a death which arose from mechanical canses 

and not from the action of the anfesthetic. 

It is difficult to be sure wliether nitrous oxide has ever 
been directly the cause of death. If it is used in an im- 
pure form, or if given to persons suffering from some 
asphysial symptoms in whom respiration ia already 
interfered with, nitrons oxide is undoubtedly a 
idangeroua aniEBthetie and potent to lead to serious results. 
The heart seems seldom primarily affected, but if feeble 
and asthenic it is certainly liable to fail should the respira- 
tion be in any way hampered, so that syncope can thus be 
brought about- aud may prove fatal. 
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CHAPTER IV. 



ETHER. 



Ether OF ethyl ether (CjHe),0, formerly culled buI- 
pliaric ether, more accurately kuo-wn as ethyl oxide, was 
discovered in 1640 by Valferius Cordua and named by him 
oleum ritiioli dulce. In 1730, Frobeniua substituted its 
preBQDt desigDatiou. Ethyl ether must be carefully die- 
tinguiflhed from " compound anieathetic ether," a mixture 
of hydride of amyl and rectified etlier which is used solely 
for producing local anreathasia.-'- " Compound anresthetio 
ether" cannot be safely used for producing general anies- 
thesia, indeed the attempt has resulted in fatal accidents. 

Chemical and physical properties. — Ether is a 
hmpid, translucent highly volatile liquid, of a penetrating 
odour and has a burning taste, which is followed by a 
sensation of cold and nnmbneaa. Ether ia the reBultant 
of the dehydration of ethyllc alcohol by sulphuric acid. 
When pure it does not redden litmus, it hae a sp. gr, of 
0'713 and a boiling point of 95° F. It crystallizes when 
cooled to below 200" F. in fine white laminie. Ether doae 
not mix completely with, but is filightly soluble in water ; 
it is freely miscihle with alcohol, benzine, petroleum spirit 
and chloroform. Applied to the skin, it gives a sensation 
of intense cold caused by the extreme rapidity of its eva- 
poration. Etlier is highly inflammable, its vapour when 
mixed with air is liable to explode if brought in contact , 
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vith flame, it is hence iiaportaDt to avoid placing it in 
the proximity of lighted gae jets, candles, &c., and to re- 
frain from pouring it out of one receptacle into another in 
saeh BurroundingB. EspioBion has followed when ether 
waB incantioual; held near an electric lamp. The follow- 
ing description of the varieties of ether is of importance, 
as Bome kinds are better adapted for producing geueral 
ansesthesia than are otherB. 

Prepafeil from ethylic alcukol: — 

JEther (B.P.), sp. gr. 0-736, boiling point below 
40'5 C. (105° F.), contains 92 )!> by volume of ethyl oxide. 
This substaace ia not suitable for use as an aniesthetic 
although it is occasionally bo employed. 

^ther purificatus (B.P.), sp. gr. not exceeding 
■722 and not below -720, is in use both to produce general 
and local amestheBia. 

Prepared from methylated tpirit : — 

Absolute ether ; methylated. Sp. gr. 0-717-719. 
Not suitable for general but answers well for local anees- 
tbeda. 

Rectified ether, sp. gr. 0-720, suitable for general 
anceathesia. 

The rectified ether prepared from methylated spirit, 
when properly made, ia the most satisfactory preparation 
for use as an amesthetic. It must be remembered that 
careless manufacture and prolonged exposure to light and 
afr greatly affect the reBulta of etherisation, causing cough- 
ing, safTocatioD, and even daugerous after effects. It is 
best to have the ether put up in small bottles holding i or 
6 ounces so that when once opened the supply can be con- 
sumed. The bottles should be properly stoppered and 
kept in a cool dark cupboard. 

Many persons, however, prefer the " (ether purihcatus " 
prepared from ethyUc alcohol, alleging that patients re- 
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cover more rapidly and are leas liable te be t 
impurities. Impurities are, however, by no meaus always 
present in tbe ether derived from methylated epirit. 

Ether, if kept in hot places and in imperfectly stoppered 
bottles and exposed to light and air, ia liable to undergo 
osidatiou, acetic acid and other products form, and the 
reagent is thus rendered unfit for use. Sir WOliam 
Itamsay has pointed out that shaking the ether in a bottle 
containing metallic mercury will remove the impurities 
which drop as a grey sediment and the pure ether can be 
decanted off. 

Impurities. — Ether should satisfy the following 

Sp. gr. -722 to -720. On evaporation should leave no 
residue or abnormal odour or coloration on filter paper. 

It should diasolve in an equal volume of carbon disul- 
phiile (abaence of excess of water). 

It should distil at not below 94° F. (absence of methylio 
ether). 

The addition of potassium hydroxide should produce no 
effect (absence of aldehyde). 

No change in wet blue litmus paper after contact for 
24 hours (absence of acid). 

Ether should dissolve without coloration when dropped 
into sulphuric acid kept cool during the test (abaence of 
organic impuritiew), 

Acids : sulphuric and sulphurous are detected by the 
precipitate they give with barium chloride ; acetic acid 
produces a deep-red colour upon the addition of an iron 

Fuael oil and other objectionable impurities may be 
I by leaving a greasy stain on paper and a dia- 
; acrid smell when the ether ia evaporated 
s well as by the cough excited during inhalation. 
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eiieral iiropfrlies and uies. — Ether is a D oxliilarant nud 
mally an ansatlietic.''' 

a geueral nna^atlieUc ether pasEGBses au advautnge 

fYer nitrous oxide gas in so far as it produces a more pro- 

fenged and profound narcosis. It is believed to be safer 

lan chloroform as it is not a protoplasm poison, does not 

ttejadicially affect tlie heart and raises blood pressure. 

t ie therefore to be recommended for general use. Tlie 

lUegatioD that ether produces more dangerous after effects 

lan chloroform has not been proved, indeed, very many 

tof the reported disadvantages of ether are undoubtedly 

Kdne to faulty administration rather than any inherent 

jBeril in its action upon the tissues. This point will he 

[ain considered when the after efiects and sequels are 

Considered. 

It must, however, be borne in mind that ether has its 
limitations, a fact which is often overlooked with the result 
that failure and disappointment follow in certain case.s, 
both of which might have been avoided had a more careful 
selection of the aniFsthetic been made. 

Contra- indications. — Cases in which ether should 
not be used : — 

1. In protracted operations about the mouth, jaws, nose 
or pharynx, which necessitate the mouth and nose being 
uncovered. Since consciousness rapidly returns when the 
supply of ether is discontinued, there is not time for the 
prolonged surgical procedure. 

2. In all operations which rec|uire the employment of 
the actual cautery, or lighted candles, lamps, &c., near 
the mouth. 

In the following conditions the advisability of uuiiig 
ether ought to be carefully weighed. 

Persons who are suffering from bronchitis, the eiii}>l\</- 

■ For the (I'm; of (ither lo proiluco local alupsIhcaEB see L'lmptcr XI. 
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sematous (if the oondition be very pTononnced) , and as a 
rule asthmatieg, bear ether badly, Bince it excites congh 
and may clog the bronchial tubes vith a quantity of exees- 
eive secretion. On the other hand, ether often aeBiets the 
breathing of asthmatics if pure and copiously dilated with 
air. 

In renal iluiease, when Gittensive, ether is said to induce 
BuppreBBiou of urine, so that if given at all in these cases 
it should be used with the utmost caution. 

The Yascular excitement to which ether gives rise 
contra- indicates its use for persons with rigid and alhero- 
maloiis arteries, or in whom cu'culatory perturbation is 
likely to be harmful. It is obvious that when cerebral 
h<£morrha//e from rupture of an artery has once occurred, 
ether might, by increasing arterial tension, induce a 
repetition of so dangerous an accident. Some few in- 
stances of this have occurred. 

In infants and \ery i/oiitiy children ether may Eometimes 
produce pulmonary troahle from its irritating effecta 
upon the dehcate mucous membrane of the respiratory 
tract. 

Although, in selecting an autesthetic, it is well to weigh 
these considerations, yet I think few of them are insuper- 
able objections to eUier, except perhaps in very marked 
cases of disease. ^M 

lu tropical ctimaten it is both difGcult to obtain and^H 
keep ether, and also to administer it satisfactorily. ^| 

As ether often provokes rapid breathing and not in- 
frequently coughing before complete narcosis has been 
obtained, it should not be used when these are prejudicial 
to the patient, or to tlie success of the operation. Many 
surgeons object to ether in abdominal operations both 
on account of tlie inconvenience arising from the rapid 
laboured breathing often caused by it, and because t 



consider the patients are especially liable to pulinouary 
trouble B after the operation. 

In operations upon the brain when turgeseenoe and dilata- 
tion of the blood-vessels are nndesirable, ether should not 
1)e uued ; and according to Prof. Wood it is contra- indicated 
in the presence of brain tnmoiirs. 

PHYBioLOGicAn Action of Etheb, 

Hermann asserts that ether canses the destrnctiou of 
the red blood corpuEoleB. Dr. Da Costa, ^ of Philadelphia, 

has found that it produces a marked diminution in the 
hemoglobin, more especially in perBona whose blood is 
pre-esistently diseased (e.y., anfemia, chlorosis, &c.), 
Bernard showed that infuBoria were readily influenced by 
ether, and Sternberg has demonstrated that it destroys 
pathogenic bacteria. The lower anlmale are affected in a 
similar way to man. 

When the pure vapour is first inhaled it induces a burn- 
ing sensation iu the mouth, pharynx aud throat, and a 
feeling of impending suffocation. It appears to act iu two 
ways ; indirectly through the nerve centres as a powerful 
deliriant and anesthetic, and directly upon the endiugB of 
the nerves supplying the pharynx and respiratory tract. 
Thus, it increaees the flow of saliva, and causes consider- 
able discharge of watery secretion from the mucous mem- 
brane of the respiratory tract. Its extreme volatility 
makes it exert a marked cooling action upon the skin or 
mucous membranes when allowed to come into contact 
vith them ; and the vapour may, if injudiciously em- 
ployed, excite catarrh. Ether is absorbed both by the 
mucous membrane of the respiratory tract and that of 
other mucous surface, e.y., the rectum. When ether 

• "The Blowl AltwntiQOi in Kthfr Aiueslhe»la," Hftdirat .Vnrs, March, 1W6. 
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VAponr IB given by the rectnm, the vapour is perceptible 
in the breath after a few mintites. 

The nervous syBtem during etherisation Ijecomtsj 
profoundly affected. The cerebrum first succumbs, 
citemeut and hallnciuatious occur, the pataent belie 
that he is engaged in some active exercise 
grows pugnacioDs or amatory, or pnrsues his habit 
work or pastime he may struggle and cry out. Soon I 
Bpeecli becomes thick and inarticulate, his struggles 
and his mind no longer controls his movements. Tlii 
seiuary 7ierres of the spinal cord then fail to convey impres- 
sions from without, although Btimulatiou of the motor 
nerves induces movementfl. Later, the motor nerves ak) 
cease to respond, save to powerful electrical excitBiion 
(Longet). Waller has shown that isolated nerve is 
directly influenced by ether, and that ether is about seven 
times less potent in this respect than chloroform. The 
viedidla obloiij/ata becomes nest affected ; at first aensotj 
impressions fail to reach it, finally its centres becotne 
paralysed, respiration is arrested, and the heart ceasea to 
heat. It appears that these results are due to the direct 
action of ether conveyed hy the blood to the nervons 
centres, since they occur after section of the pneumo- 
gastric nerves, or when the ausesthetic is injected directly 
into the veins. Hence it would seem that ether, direotlj 
afiecting the centres, acts first as a stimulant and later as a 
paralyzant. When artificial respiration is maintained, the 
heart will continue to beat for a prolonged period, and this 
oven in spite of very large quantities of ether being takeii. 

Ether narcosis may be divided into five degrees 
(Suow) as in the case of chloroform. 

The phenomena of these may be summarised u 
follows : — 

^} All the effects that exist while consciousness is still 
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resent ; a burning pungent taste and smell ; buzzing or 
ingiug in the ears ; inability to recognise objecte in the 
roper places, ae they appear distant and unduly large ; 
fee speech of bystanders often imperfectly understood and 
feisapplied. (2) The mental faculties become impaired 
tat are not suspended, Ulusion, semi- delirium, excitement 
iad muscular movements appear but are of a subjective 
kther thau of an objective significance. Semi-anKsthesia 
ts, and pain even if slightly felt is seldom remembered 
s pain upon awakening. This is probably the degrei 
hrhich the French surgeon Pean wrote when he described 
atients who moved freely and appeared conscii 
l^ere nevertheless oblivions of the surgeon's knife. Eigid' 
Fity and muscular spasm usually appear as the patieu 
passes into the nest degree. (3) All the mental faculties 
ibeyance, the muscles relax, and no movement ol 
i voluntary muscles takes place, nor is any pain felt. 
Jccasionally patienis will wrinkle up their brows or even 
a throughout an operation, but these are not indici 
iions of sensation or pain. (1) Paresis of the centres i 
the medulla oblongata supervenes with gradual failure 
first of respiration and then of circulation ; and (6) death 
results from destruction of these centres and consequent 
stopping of the heart. Patients may be restored during 
the fourth degree by the performance of artificial respira- 
tion, but not when the circulation has ceased in the fifth. 

Doret'' divides ether narcosis into two periods: — (I) 
ansesthetic sleep — cerebral excitation, followed by aboli- 
tion of cerebral function and disappearance of sensibility ; 
and (2) anFcathesia — muscular resolution and abolition of 
refiexes. Dastre points out that the order in which sensa- 

ttioQ is lost is one of primary importance. The following 
IB the succession in which sensibility disappears :^iutegu- 
• QuutBcI l.y Prnf, DiBlre, "T^ Ann-aih^tiiioe«," p. 7r, 
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i that of the face, Uien 
, followed by that nt 
i, tte OKgam of sense, the ui 
bMg tta iMt IB iaiL It mj be noted that tbe gemtil 
^ letun senaibility to 
The knee jerk is in- 
aoani in tb* cariy stags of dbensatioo (Eoleuberg), uid 
e««i a tlw aacopd d«gn> ankle and knee elonas ue ftpt 
to devdop, and ae a nle more profoond narcosiB will 



Ib the ihjAm of rwye r a rt ow, ether brings aboat maiM 
changes. If the fall etrength of ether vapoar be alloirei 
to impinge npon the glottis, the adductor musclee ue 
thrown into spasm, and the rima glottidis becomes tern- 
pMarily closed. £ther may thns eaase laryngeal spasm 
(Kratschmer). Indeed ether has been shown by Horsle; 
and Semon to exert a marked local action upon the larp- 
geal mnecles. These observers have demonstrated that 
this differs according to the depth of the autestheaia in- 
duced. Blight narcosis caases adduction, while deep 
etherisation produces abduction of the vocal cords, and 
these results obtain alike with strong or weak faradie 
currents, and whether the recurrent laryngeal nerve is 
divided or left intact. 

During ether inhalation, the respirations are at fiirt 
hurried and deep, subsequently they become slower and 
more shallow, and eventually, if ether is pushed to a 
dangerous extent, cease altogether. This slowing and 
final stopping appear to be due to ultimate poisoning of 
the respiratory centre. 

Wood points out that irregularity and even cessation of 
respiration may occur in tbe early stage of etherisationi 
and ia due to irritation of the nerve fibres of the trigem- 
inus aud vagus, this inhibition may be overcome b; 



deepening the aurestbesia anil so annulling the reflex. 
Kratachmer asserts that he has seen spasm of the glottis 
occur. Such respiratory perturbations most of course be 
carefully distinguished from those due to over- narcotisa- 
tion of the medulla, which can only occur late and in 
profound narcosis. 

The heart's action is at first excited and increased in 
force ; later it quiets down, and may even grow somewhat 
weaker, though such weakening is always trifling. The 
blood pressure is increased until very deep narcosis is 
present, when a slight fall of pressure occurs. A peri- 
pheral vascular dilatation reveals itself in flushing and 
rabeBcence of the eldn, together with sweating and a 
roaeolouB rash. 

The presence of the ether rash is pretty constant, bat 
occurs more commonly in women and children. It 
asually is first seen about the neck and shoulders, but 
may cover the arms, the chest, and even extend to the 
thighs. It lasts for a few minutes, sometimes ten ot 
fifteen. It has probably no significance beyond showing 
the action of ether upon the sympathetic system. Itg 
appearance is usually synchronous with the relaxation of 
the muscles. 

Ether appears to act as an irritant to the kidneya 
although healthy kidneys are but little affected by it. 
Statistics show that pre-esisting albuminuria is slightly 
increased by ether, but that chloroform is more likely to 
cause albuminuria in those who have presumably healthy 
kidneys.-' The amount of renal derangement is certainly 

. on (he other h««d Im. Thon,™ ..nrt Kemp h^ve ehown by experin,™., 
on dogs, thot albaminotia with leaasning ol the amount of urine iwcurs nitZ 
«her inhalation, but only alight ilbuminuria without suppresai™ ..f urSI 
Bftor chlorofom inhalation. As I bate pointed ont BboTe, theH reanlta ilo not 
»g™ with thoae at .hieh I arrived when Invtatigating thh matter with th» 
f '*^! "i. "^. „„.."„„. ^"^L^^'f^^'f ^"^ "f ""er W-™ employ^ 
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dependent very largely upon the quantity of the aniestlietie 
which is employed. As lese chloroform will produce and 
maintain anffisthesia when given from an efficient regu- 
lating inhaler such, for example, as that of Mr. Vernon 
Harcourt, it is better in prolonged operations upon 
the kidneys, or in the case of patients whose kidneys 
are extensively diseased to rely mainly upon chloroform. 
There is no objection in most instances to inducing 
anfBsthesia by nitrous oxide gas and ether, and maintain- 
ing it by chloroform or a mixture. 

According to Dr. Sansom, in the earher stage of etheri- 
sation, capillary constriction takes place. In some patients 
who ore apparently free from bronchial catarrh, the use 
of ether sets up a profuse secretion of thick tenaceous 
mucus which hampers breathing. This is especially the 
case with excessive smokers. For such persons it is well 
to avoid ether, or if the complication is only observed after 
aniestbesia ia estabUshed, to substitute chloroform or the 
A.C.E. mixture for ether, when as a rule the incon- 



Under ether tlie mnscles at first become rigid and firmly 
extended, but later these conditions give place to extreme 
flaccidity ; in some patients the muscles maintain their 
rigidity much longer thau in others, while there is a differ- 
ence in the time which muscles in various regions take to 
relax. Snow pointed out that although chloroform pro- 
duced some degree of muscular relaxation sooner than did 
ether, yet tlie most complete flaccidity resulted when ether 
was used provided time was allowed for its development. I 
am entirely in accord with this statement. It is, I thiuk, 
very common for prolonged muscular rigidity to result 
from asphyxial conditions, and when these are prevented 
or alleviated by giving inhalations of oxygen, rigidity 
under ether rapidly disappears. Einger, experimenting 
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I, found that iu frogs, the vitality of involuntary 

p-Vieele persisted far longer in tlie case of ether than iu 

F*at of chloroform. Periatalaia althongh lessened is not 

**rogated. even when death is induced by ether. 

_ The bodily temperature ia reduced under ether, Kappeler 

I^Xbb a minimum at -3° C, and a maximum at 1'5° C. 

['Vfi" — 2'7^ F.). Ether increases the secretions with per- 

I *lap8 the exception of that of the kidneys. Elimination 

f *^kaB place rapidly and ia mainly effected by the lungs. 
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Mrtsoos of Administeking Ether. 

Ether may be given (1} alone, or (2) in succession to 
ipther amesthetics. The latter plau avoids the suffocating 
Knsation caused when ether is first inhaled ; it also pro- 
pncea antesthesia more rapidly and without struggling. 

The main indications for the successful administration 

bf this auiesthetic are, that the air inhaled be gr.idually 

latnrated with ether vapour. It cannot he too strongly 

insisted upon that iu spite of all theoretical reasoning to 

bhe contrary, asphyxial complications and admixtures of 

tarbonic acid gas with ether should be carefully avoided. 

pet is best to commence the inhalation with a sufficiently 

ilute ether vapour so as not to escite laryngeal irritation ; 

■ the vapour should not escape into the rooni and impreg- 

late the air breathed by the bystanders ; this can only be 

done by the use of one or other of the inhalers to be 

mentioned below. 

Inhalers devised for the adnainistration of ether by itself 
or in succession to other ttniBsthetics may be classed under 
the categories of (1) closed, (2) quasi open. In the first 
olasa the patient inhales ether from a bag closed from the 
air, and whatever air enters does so through valves 
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■ iMHii vtt Otf at^MC. The bert tjrpe is CIoto'i 
port^it ngiUng nkdir. TUs inliaicv hms been mo& 
Aal aaA inpraved, tat is ftmafle it remains the 
Tlw fans ■ ■g gMtod hf Dr. Protiyii WtUums, is pnMilr 
the boit u it eea binem m wide bore with great li^itBM I 
■ad naaagMlditj (aee p. 1S5). (2) In tfaeqouaopent]|e| 
etbec is poared npon m sponge or im an ftbsorbeBt mabnit | 
irindi is furoonded b; some more or lees impeniou 
snbetanea, if it ia open at the top the patient is able to 
breathe tfaroogh the sponge containing the ether. The 
Urge mask des^ned hj Dr. Jnlliard and modified b; 
Profeoeor Damont of Bern is the best of these. Ether ii 
Bprinlded freely over the inner soifAce. the external aepeet 
being covered with oil silk. The Allis inhaler is a nearer 
approach to a tmly " open " method and answers its 
parpose well bnt its open to the objeetians common to iM 
"open" inhalere. These are that the induction is eloi' 
and nsnally associated with mnch excitement ; the patient 
inhales tindae qnantities of ether and is proportioDstel; 
more hable to prejadicial after-effects, and the bystaudeiB 
have to breath iu an atmosphere largely contaminfltol 
with ether. The method is 'wastefal and has no advan- 
tages except in exceptional cases. Ormsby'a inhaler ie 
a compromise between the two classes, as iu its use the 
patient respires through the etherised sponge into a 
closed bag. 

Clover's portable regulating ether inhaler 
(fig. 22) consists, as reference to the figure indicates, of 
a dome-shaped ether receptacle pierced by a central abaft. 
into which are adapted {i.) a tube bent at right angles, 
which carries the indiarubber bag into this the patient 
breathes, and (ii.) a metal tube which serves for Uie 
attachment of the face-ptece, and has the indlcatot 
attiiched to it. This as the ether receiver rotates iudi- 
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B the amount of ether admitted ; theie in a tube aud 
b>pcock for inflating the air cushion which rims the face- 
e and helps it to fit the face accurately. 
B ether reservoir and water chamber which surrounds 
i maintains it at the desired temperature for evapora- 
, rotate upon the metal tabe shown in the diagram 
I the figure 2 upon it. This fits accurately m the 
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mount of the face-piece and the projecting indicator is 
received into a slot in the mount. When the instrument 
ia first applied, the ether supply apertui-e should he oppo- 
site the patient's forehead, and the indicator pointing to 
the figure 0. The patient now breathes directly in and 
out of the bag. The bag should not be placed in position 
until the patient has taken two or three inspirations, it 
Lmust then be inflated by allowing the patient to expire 
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into it aail be fitted to the top of Uie inhaler as shawn in 
tlie figure. As the ether reservoir is tamed round, the 
iudicator travelling from to 1, 2, S, and F aaccessively, 
tlie air hue to traverse the ether vessel before reaching tlie 
bag, and so the patient gets gradually a more and more 
highly saturated etber atmosphere. Two onncea of ether 
are poured into the projecting supply aperture before the 
operation, and these usually suffice for half an hour. The 
opening ia arranged to prevent an excessive quantity 
being used and to guard against the possibility of a few 
drops eeeaping through the inner apertures. The ether 
reservoir and surronnding water chamber are constructed 
in such a way that while the vapour oacapoa freely, no 
fluid overflows in whatever position the inhaler may be 
held. 

The following is the method of using inhalers of the 
"Clover" type:— A face-piece of an appropriate size 
having been selected, and two ounces of etber placed in the 
reservoir, the air-bag is removed and the indicator turned 
to 0. The patient ia then directed to inspire freely, and 
the face-piece applied gently but firmly. Uniform pres- 
sure ia well borne, while hard pressure if unequally dis- 
tributed will not be tolerated. "When the patient has 
taken two or three deep breaths, the air-bag ia filled by 
placing it in position aa the patient expires the air from 
his lungs. The iuhaler being placed over the patient's 
face, the patient now breathes in and out of the bag. 
The ether reservoir ia nest moved so that the indicator 
points to the figure 1 and the patient then approximately 
breathes one-fourth ether and three-fouttha air. A few 
breaths of such a dilution of etber will accustom the 
laryux to the irritating vapour, and so obviate coughing, 
spasm, and the vrretched feeling of suffocation which 
ensues upon presenting a strong ether atmosphere at the 
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commencement of an inhalation. This tolerance achieved, 
the ether reservoir is rotated tUl the indicator points to 2, 
and the patient then inhales, roughly speaking, half ether 
and half air. If this etrength of vapour does not distress 
him, the indicator, by further rotation of the ether 
chamber, can, after a few seconds, be made to point to 
S (one-fonrth part air, three parts ether) and then to F 
(fall ether). 

The variation in size of the pupils daring ether narcosis 
is an uncertain guide. They are not uniformly 
fluenced by the anfeathetic as in the case of chloroform 
and so have no eommou ground of comparison. When 
fall aniesthesia is estahUshed the pupillary reaction to 
light will be less active and the size of the pupils will 
remain fairly constant, tending to dilate when the a: 
thetic is pressed. Excessive doses produce a slowly 
reacting pupil and wide dilatation. The same result 
follows when much shock occurs with loss of blood and the 
ancesthetic has been given freely. Although in many in- 
stances increasing the depth of narcosis dilates the pupil 
and renders the hght reaction sluggish, while lesseniug 
the degree of narcosis causes the pupik to contract 
slightly, still these phenomena are not absolutely con- 
stant; some pupils, especially in old persons, remain 
contracted, while others are moderately dilated and show 
Httle change. In moderate degrees of narcosis the pupils 
will be seen to change in size synchronously with respira- 
tion. It is never well to push the ether to a degree in 
which light reflex is almost abolished. The younger the 
eye tlie more active are the pupillary reactions. In test- 
ing all eye reactions it is important to avoid frequent and 
rongh handhng aud to compare the two eyes, since one 
eye rapidly loses its reactions unless allowed to be 
quiescent. 

x2 
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With the assietance of Mr. Upcott Gill, vho vtB mj 
eblorofonn clerk, I ei&mined « large nambei of patienli, 
and the statements made above represent the condnaoiu 
at which I arrived. It may be added that as a mletbi 
advent of cyanosis was associated with some pupillu; 
dilatation. 

The patient will, iu from ninety seconds to two mi 1 
half minutes, be completely unconscionE and ready foi 
operation. The muscles are rigid at first but sabBequentlj 
grow flaccid ; as a rule consciousness is lost as soon as 
this rigidity is present, but the profound narcosis required 
for many operations only supervenes with moscnlu 
relaxation. Any cyauoEie or respiratory embanraseiiteDl 
will prolong the period of rigidity. I have repeated 
produced relaxation at once by allowing the patient to 
inhale oxygen, Some persons require more ether to 
render them insensible, and those who persistently reaiS 
taking the autesthetic by holding their breath, or by 
taking the shallowest breaths consistent with life, mil 
delay the onset of unconsciousness much longer. These 
peraous also, since they voluntarily semi -asphyxiate tliem- 
1 by repressing respiratory movements, suffer greal 
additional discomfort from the feeling of suffocation they 
induce. 

As soon as complete antesthesia is thoroughly estab- 
liflhod, that is when the conjunctival reflex ia abolished, 
the indicator may be brought back to 2 by turning the 
other reservoir round and there kept until the operation 
ia over. It may be necessary iu warm weather, and in 
the case of prolonged operations to renew ether in the 
receiver. This is easily done by removing the inhaler 
from the patient's face, loosening the stopper, and poor- 
iug in a further supply. 

Tlie patient will, during a protracted operation, require 
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the inhaler to be taken ofT his face every sixth breath or 
eo, in order that he may take a few iospirationa of air. 
The neeeesity for this will be readily reoogniaed by any 
ojanoBis apparent in face or ears, and by the character 
of the reapirations and of the pulse. It should be oaro- 
fally borne in mind, that the amount of an aniosthetia 
required to produce uaicosia ia much greater than is 
needed to maintain that condition. Also the degree of 
narcosis must be varied, in correspond once with the I 
region of the body upon which operative meaaurea are 
being pursued. For operationa upon the abdomen, the 
genitale, the rectum and perineum, a deep uarcoais is 
aecessary, and must be maintained throughout the opera- 
tion, otherwise movement and vomiting result. To tost 
the degree of narcoaie, although the eize of the pupil is 
an unreliable guide, it may be nate<1 from time to time to 
see whether the light reflex remains keen and the corneal 
refles is returning. In deep narcosis, that is short of 
overdosage, the lid reflex is quite aboliehecl, the pupil muy 
be aemi-dilated, the ocular movements sluggish and the 
light reflex alow. Fixation of the eyeball seldom, if ever, 
occurs in ether narcosis unless the ether is administered 
with oxygen, as in that case the depth of the narooaia may 
be very profound. The respiration is often hurried in 
light but slower and more shallow in deep narcoaia while 
the breathing is gaaping. The ruddincas of early etherisa- 
tion gives place to pallor with alight duskiness after pro- 
longed or profound etherisation. The advent of returning 
consciousneBS is commonly ahown by the patient's eHforta 
at swallowing, the initial act of the physiological mechan- 
ism of vomiting, by return of conjunctival reflex and by 
alteration in respiratory rhythm. Frequently also pallor 
with sudden pupillary dilatation may occur. In all oaaea 
it must be remembered that the dilatation of the pupila, 
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1, may be leBeimi 
It U this tut 
a ■faocild avoid consnlliiig 
V saRBBs aalil tbey hare acquired a tbo- 
f Ac efdk a{ ether nareosifl as a wbok. 
J to KD«sthetise the pftticnt 
I posture, a nsefol addition Id 
ether inhaler is Uie asgnlu 







rppard^F Ancolar a^lj aster 



adjuster fi.gDied above, lius useful contrivaoce i 

inveotion of the late Dr. Charles Sheppard (see fig, 23). 

This inhaler was intended by Mr. Clover for the admin- 
iatratioQ of ether alone, but it has been adapted for tbe 
exhibition of ihat vapour in conjunction with nitrons oxide 
gas, and Mr. Clover himself writing in 1877, says, " by 
connecting the bag with a supply of nitrons oxide it forms 
a tolerably efficient substitute for the gas and ether in- 
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laler " {see p. 148). Thus by attaeliimg a Btopcock in the 
roetRl beat piece to which the bag is attached, gas can 
readily be admitted into it by a long indiarubber tube 
coming directly from the gas bottle. 

It is often lu-ged as an objection to Ciover's regulating 
inhnler, that the lumen of the tube through which the 




patient has to inspire is too small to permit of uuembar 

rassed respiration. As a result the patient tcndb to 

become cyanoaed and suffers from feelings of impendmg 

jsaffocation.* To remedy tins Dr. Probyn "Williamb has 

maeil a simple and Hght inhaler which is I thinlt the 

BBt model yet produced. It is figured above. 

,ue*tfon i9 fuDj discuMiied l>y Rr. Hcwltl. 7,nHa-r, Murcli BD, inul. 
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This iubaler consista of an ovoid metal receiver 
taiuitig the ether. It is pierced in its short diameter 
tube through which reepiratiou takes place, and to 
extremities of which are attached the face-piece and bBg 
teBpeetively, More or less of the respired air is deflected 
into the ether chamber by means of a diaphragm which 
works through a tube at right angles to the first. Totliis 
Becoad tube is attached an indicator which moves on i 
scale marked ou part of the larger end of the receiver. 
The inhaler baa no water chamber, and being made wholly 
of metal can be sterilized by boiliog water before use. 

It will be best to pass to the semi-opeu method before 
notioiDg other closed etber iohalers which are used in 
the uitroua oxide etber sequence. Those selected for 
description are the Ormsby, the Eendle's mask, and the 
Allia' inhaler. 

Ormsby's inhaler, — It consists (fig. 25) of a zinc 
face-piece with cushioned rim capable of being inflated 
through a small tube guarded with a stopcock. The faoe- 
piece is provided with a valve, which can be opened at tie 
pleasure of the administrator ; at the top of the face-piece 
is a cone-shaped wire cage, covered externally with red 
rubber and leading into a rubber bag covered by a loose 
net which prevents its undue expansion. In the wire 
cage, a sponge is placed, and upon this half-an-ounce of 
ether js poured. Various modifications of the inhaler are 
in use. Mr. "Woodhouse Braine's pattern has a wider 
aperture between the face-piece and the cage, and has no 
filling tube, which be regards as unnecessary, preferring 
to invert the inhaler and pour the ether immediately upon 
the sponge. The bag also ia made of red rubber which 
permits etber being poured into it without detriment, and 
is made much larger than that in the original apparatus. 
Dr. Hewitt has added a removable hot water chami 
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I falling 



In figure 26 is shown Mr. Carter Braine'a modification 
Ormsby's inhaler by which a. Buecession, A.C.E., ether, 
loroform, can be given. It ia constructed throughout of 
ital, nickel- plated, all parts are easily accessible, and 
1 be rendered aseptic by boiling. The air-valve is a 




ee one and is numbered with figures, as on Clover's 
nhaler. The cage being rigid and of very open work is 
incompressible, permits of free respiration, and cannot 
gradually become constricted with use. The respiratory 
hag is 12 inches in diameter, so that there is no need of 
netting, The cage bearing the sponge and respirati 
bag fixes on the face-piece with a bayonet catch. 
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extra dome lias been conetructed of metal and freely per 
forated with air-holes at its extremity, Ukewise fitting on"] 
to the face-piece with a bayonet catch and taking the 
place of the other dome. This attachment is very useful 
for the administration of the A.C.E. mixture or for ether 
when plenty of fresh air is necessary, as in the case < 
young ohihlren and of the very feeble. The administr 




Fia, ao.— Carter Braine'a mmiifled Ommbj's inhaler, the " oxtni ilut 



tion can be begun with the A.C.£!. mixture, and then the 
A.CE. dome detached when required, the other dome 
applied in its place and the administration continued with 
ether. Should it be desirable to change the aniesthetic to 
chloToform, tlie tube from a Junker's ichalct can be 
applied to the projecting tube of the A.C.E. dome, i 
the chloroform apparatus is thus complete. Should thsi 




ETHER. 



139 



eaixy of air be too free then Bome of the holes at the 
extremity of the dome can be occladed with the hand or 
by packing with cot ton -wool."' 

Method of using Obmsby's Inhaleb. — The sponge is 
wrong out in warm water before nse, hut, if as Carter 
Brnine Buggests, an open sponge be loosely packed into 
the cage and only small quantities of ether are poured on 
at a time, this is unnecessary. The valve should be open 
at first and gradually closed as the larynx grows accus- 
tomed to the ether, and the inhaler should be held lightly 
over the face and only fitted closely as toleration of the 
ether beoomes established. When fresh ether is reqnii^ed 
it can be either poured through the tube designed for this 
purpose, or as I think is preferable, thrown directly upon 
the sponge by removing the inhaler from the patient's 
face and inverting it. Care must be taken that there is 
no excess of the anffistbetic. which may trickle over the 
face. It is well to have a second sponge in readiness in 
case the first one freezes. The second one can conveni- 
ently be kept in warm water within reajjh. Unless care 
is taken to give the ether gradually by leaving the valve 
freely open at first and by putting on only small quanti- 
ties of ether (half au ounce or less) at a time, the patient 
experiences great distress from a feeling of suffocation. 
This and the hahility of the sponge to freeze are the two 
great objections to this inhaler, but as Uie description 
above shows these can to some extent be overcome by 
care and expertness. Another objection to it lies iu the 
fact that a gradual increase or lessening ol the quantity 
of ether given cannot he so well effected as in the case of 
Clover's inhaler. 

Mr. Pechellf has adopted another plan in bis nse of 
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Ormeby's inbaler. In his patteru, the bag aiid face-piece 
are cooneoted b; bayonet jointed brass coUnrs. He 
temoTes tbe eponge and pours two ounces of ether Into 
the bag and replaces the sponge. la this case the sponge 
doee not touch the ether but simply acts as a porous 
diaphragm diverting the current of air from the bag. 
The valve cap is removed and tlie face-piece applied to 
tbe patient's face. Wiien it fits accurately the valve is 
replaced and the patient gets ether. The strength of 
vapour is increased by rotating the valve cap so that its 
shts do not coincide. Later, the bag is tilted so that tbe 
ether soaks into the sponge and its concentration becomes 
increased. > 

Tbe use of Ormshy's inhaler sometimes helps a patient, 
and reheves cyanosis when the induction of ameatbesia 
baa been effected by Clover s method, and respiratory 
difficulties present themeehes, the improvement is pro- 
bably due to the greater quantity of fresh air admitted. 

Rendle'B mask (fig 27) is a convenient pattern. 1 




It is made of leather and contains a thick tiaunel cap ' 
which is allowed to extend beyond the lower edge and be 
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folded back so &b to reBt npon the face when the mask is 
applied. At its sammit a sponge is placed, upon which 
ether is dropped in small quantities, n drachm or two from 
time to time. Subsequently half an ouuce may be used 
aa required. A free air- way is obtained by perforations 
at the summit of the cone. If the sponge freezes it must 
be replaced by another which should be ready at hand as 
in the case of the Ormsby'a inhaler. 

This inhaler is also made of celluloid at the recommen- 
dation of Dr. Silk, and in this form it is both handy and 
clean. In the use of this mask care must be taken that 
too much ether is not poured on, otherwise it soaks into 
the Sannel and may drain over the patient's face. The 
cone is at first held an inch or so from the face and 
gradually brought nearer until it fits closely. It is only 
lifted to renew the ether or to prevent cyanosis. 

Open inhalers. — The simplest form is a towel or 
piece of millboard rolled ju the shape of a cone with a 
sponge placed at its summit. Ether is poured upon this 
and renewed from time to time. This plan is not satis- 
factory, and unless in exceptional cases, when there is 
great asthenia or collapse it is difficult to produce com- 
plete anesthesia with it. 

Allis' inhaler. — This is I think the best "open" 
ether inhaler ; for while it can he used for chloroform, the 
A.CE., or other misture, it is always available when it is 
desirable to give ether largely diluted with air. I have 
used it for several years and have found it most valuable. 
It possesses the disadvantage common to all instruments 
of its class, that much ether is wasted, and becomes 
diffused through the room to the discomfort of the operator 
and his assistants. It consists, as can be seen from the 
woodcut, of a metal frame so arranged that a flannel or 
domett bandage can be stretched across and across. The 
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outside is covered vith a leather case, which being pro- 
longed below the metal Bervee as a well adjueting fuce- 
pieee. Fresh additione of the auEesthetio are dropped 
from time to time upon the bandage from above. This 
may be done from a tirop bottle, or the inhaler may be 
inverted and a few drachms poured in from below. Its 




U3e]J|needa no full description. At iirat a comparatively 
weak vapour strength should be employed, subsequently 
tlio concentration may be rapidly obtained by pouring ou 
more ether. 

The bandage must be removed and the inhaler carefully 
. after use and a fresh baudage applied. These 



inhalers cau be made up of whatever size is required. 
The methods in use on the Continent vbete ether is 
employed are semi open in principle. Thns the Jnlhard- 
Dumont mask referred to above {see p. 128) may be taken 
as the type. 
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The efCeets of ether inhalation will vary considerably 
according as the patient is narcotised rapidly or slowly. 

Slow etherisation possesses no advantages under ordinary 
circumstances, and is indeed positively harmful by pro- 
longing the stage of delirious escitement. In conditions 
of extreme shock, or asthenia after great loss of blood, 
or ensuing upon a prolonged illness, it may Ijc necessary 
to proceed with extreme caution and to employ small 
quantities of the anjesthetic, but this does not affect the 
general principle enunciated above. 

The patient being placed in the supine position and hia 
clothing loosened, his mouth is examined for artificial 
teeth or an obturator, and if such are present they are to 
be taken out and ether administered by one of the above 
methods. Although the supine position is best, yet for 
operations for the removal of the teeth, or upon the post- 
nasal space, the patient may be allowed to be propped in 
a sitting posture, or be seated in a chair. 

When the patient first breathes ether vapour, he catches 
his breath, may cough, and resists the ingress of the 
vapour. The resistance will be in proportion to the 
strength of the vapour used. A few inspirations will 
render him dazed, the face will flush, the eyes grow 
suffused, and the breathing become rapid. The pulae in 
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this etage is large, softer than natural, and accelerated. 
Although stupefied, the patient ctin Btill perform certain 
voluntary acts, e.g., putting out the tongue if loudly desired 
to do BO. The feeling of suffocation which was at first 
experienced, now gives place to one of exhilaration, the 
dyepncea disappears, aud the respirations are full and deep. 
Formication aud tingUug are felt in the hands and feet. 
The pupils usually contract in this stage. The exhilaration, 
however, soon passes into a condition of delirious excite- 
ment. Bert denied that true excitement occurs, believing 
that progressive loss of muscular power supervenes. The 
disorderly movements commonly pnt down to excitement 
of delirium are he thought to be explained as utie sorti 
il'anarchie wn-brale, the guiding centres being in abeyance. 
Ill whatever way we regard these movements, they cer- 
taioly appear to be the result of temporary delusions. 
Thus, mihtary men will, in this stage of etherisation, 
shout words of command ; while those inclined to pugilism 
will attempt to box with the bystanders. The respirations 
and heart's action are considerably accelerated ; the ekin 
grows moist, the face dusky. Soon a period of quiet 
follows, and it should be the aim of skilled etherisation to 
curtail as much as possible the stage of excitement. In 
the succeeding quietude the limbs stifl'en, the muscles 
grow strongly contracted and firmly set, the whole body 
becoming rigid. Breathing may be hampered by the 
rigidity of the thoracic muscles aud needs careful watch- 
ing at tliis time. Should the respirations stop it will be 
necessary to lift the inhaler and firmly compress the chest 
two or three times and so encourage respiratiou. The 
pupils dilate now and the skin becomes bedewed with per- 
spiration, while a roseolous rush appears in patches about 
the neck and chest. These patches coalesce. "Wiliett finds 
the ether rash to be a very uncertain phenomenon ; but 
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after examining several hundred canes I am dispOBed to 
tbink it is geDcrally present in Bome degree, althongh often 
BO transient and slight as to be easily overlooked. The 
pulse resumes its normal rate, and although soft, yet re- 
mains regular and somewhat more forcible than before the 
aneestbetic. The blood pressure is raised by ether, but falls 
nearly to the normal as anssthesia is fully established. 
Now ensues the stage of muscular relaxation. The patient 
lies absolutely insensible to all external impressions with 
bia muscles perfectly flaccid. The lid redex is lost. The 
breathing slows although it keeps quiciter than normal, 
and is much more shallow, At tiiis time anfestheaia 
may be taken as complete, and operative measures may 
proceed. 

The depth of narcosis varies according to the amount of 
the ansesthetie given. For brief operations not involving 
a very sensitive area a light aniesthesia is to be aimed at, 
and in every case as little of the aniesthetic should be 
given as is consistent with the necessities of tlie surgeon. 
It must always be borne in mind that the severity of the 
after effects is dependent upon the amount of the anes- 
thetic inhaled, and the toleration of the patient for the 
anEBstbetic. When once true anfestheeia is obtained the 
patient requires comparatively little ether to keep him 
insensitive. 

The recovery. — The time which elapses between 
the moment when the inhaler is removed from the 
patient's face, and when he is conscious and has resumed 
control of his actions, varies in length in different cases. 
Generally speaking, the duration of this period of " re- 
covery" is longer in proportion to the amount of tha 
anEBstbetic taken, and inversely to the physique of tha 
patient. Bome persons simply sleep off the fumes of the 
ether, are often a little sick and vomit some mucus ot 
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clenr fluid emelliug of ether. Others become excitecl, 
going through a period of excitement Bimilar to that 
which many perBons experience in " going under" ether, 
A few, especially the neurotic, appear almost maniacal 
for a time. The maudlin and the jocular phaaea of 
emotion may reveal themselves and call for only passing 
mention. Others, especially when a aevere operation haa 
□ecessitated the inhalation of a largo quantity of the 
aneesthetio, reveal a profound stage of collapse, are cold, 
motionleaa, with hurried weak breathing and feeble pulse. 
Certdiu peraons commence to vomit immediately the 
etherisation has ceased, and continue to do ao for hours 
with more or less frequency. All the above conditions 
may be elight and transient, or may need careful and 
suitable therapeutic treatment. No patient should be left 
unattended after taldng ether, lest through a malposition 
aaaumed in a semi-uuconacious movement hia reapiration 
become impeded and suffocation ensue. Another danger 
ia from vomiting during recovery the vomitua filling the 
mouth and choking the patient. Several deaths have 
occurred from syncope occurring in unattended patients 
who have suddenly sat up during recovery. A more 
insidious danger during the period of recovery is chilling 
of the patient. Often he is removed from a heated 
operating theatre, or room, and carried into an im- 
properly warmed ward, or bedroom, with the result that 
bronchitis or evenbroucho-pneumonia supervenes and this 
is ascribed solely to the effects of the ether or a "dirty 
inhaler." In all cases the patient should be carefully 
wrapped in blankets, hot water bottles placed in suitable 
positions, care being taken that their heated surfaces 
cannot touch and burn the skin— a not infrequent danger 
— and be so arranged that the head lies low, the face 
turned to the aide. An attendant should be close at hand 
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to restrain nadae movemente, nncovering of the body, and 
to help in the case of sickness. Special treatment re- 
quired for more gra\e camplicatioDS and after effects are 
considered below. 

Methods of producing aniBsthesia by ether. 
— Irrespective of the use of particular apparatus various 
plans have been suggested by which a patient may be- 
come etherised without experiencing the discomforts 
attached to the initial inhalation of ether. 

These methods are : — (1) Nitrous oxide and ether, 
(2) Ethyl chloride followed by ether. (3) A.C.E. Eola- 
tion followed by ether. (4) Chloroform followed by ether. 
(6) Ether -with oxygen. (6) Bectal etherisation. 



I. Ether ih Succsssiok to Nitsoos Oxmn. 

(aj Clover^B method. — This plan which at the 
time of its first adoption revolutionised tho practice of ether 
narcosis and rendered ether at once a safe and satisfactory 
ansosthetic, is baaed upon the principle that the patient is 
able without discomfort to inhale nitrous oxide, and when 
unconscious ether vapour in increasing strength mixed 
with the gas, and finally ether vapour inhaled by itself. 
In this way there is uo break in the coutinuity of the 
narcosis and no sudden transition. Nitrous oxide gas 
first, then this anffisthetic mixed with ether vapour, and 
finally ether vapour alone. 

Many forms of apparatus have been suggested since 
Clover's first one was designed, but none have I think, 
any material advantage over the original, except perhaps 
tliose in which the bore of the air passage is enlarged. 
As, however, some may prefer other forma of apparatus 
it will be advisable to mention tliose moat widely used. 
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HO arranged that gas cau be given alone or with ether. 

By turning a tap [k) the gas passes directly into the 
receiver ((.') containing ether, and having traversed it and 
passed over the surface of the ether, escapes into the face- 
piece (P) along a tnbe (ir) which traverees the Cattlin's 




bag {D). The amount of admixture of gas and ether is 
regnlated by a tap (o), which opens the apertorea of n and 
D. The whole apparatus is hght, and is suspended by a 
hook (i) from the administrator's buttonhole.- 
In this apparatus the gas supply is controlled by the 

• The apparatTis [9 miute bj Mesnrl. Ma^er and Mellier, of LonJon, 
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foot, which, placed upon the foot-piece (/) rotates it from 
right to left to turn the gas on, and from left to right to 
torn it off. When the cylinders are placed horizontally, 
the exit valve ia so situated that a foot-piece placed on the 
long axis oE the bottle regulates the supply. 

Fig. 80 Bhows a section of the ether chamber. The ' 
ether and gas supply taps are supposed to be open, and 




the arrows indicate the route by which the mixture of the 
anffisthetioe pass from the chamber into the central tnbe (n) 
and Cattlin's bag D. 

To avoid the obvious difficulty of cleansing the older 
forms of the inhaler, Messrs. Mayer and Meltzer have 
constructed for me the apparatus figured above (tig. 31). 
In this all the parte are eaaily disconnected and the metal 



parts can be boiled while the mbber portions can be cftrc- 
fully etenlised vith carbohc &cid lotion (1 in 80). A 
compariEOD of the figures will give a clegret idea of the 
inhaler than verbal descriptioD. 

The advantages of this apparatas are : — 

The absolDt« control the administrator posseGses over 
the fitrength of vapour with which he is working ; thus 
he can commence the admiuistratiou with pure gas, 
then permit some gas to pass over the ether, and by 
degrees increase the strength of the vaponr to full ether 
without exciting spasm or conghiug. 

Its great simphcity and portability. It has been termed 
unsightly and cumbersome, but no one famihar with its 
use would find it either the one or the other. 

The same apparatus is equally satisfactory when elhet 
or even nitrous oxide gas has to be administered unmixed, 
as with care and proper clcauliness the rubber can hi 
kept without smell and the etber is completely cut off 
from the rest of the apparatus when the tap (h) of the 
ether chamber is closed. 

To auffisthetise by this method the indicator is tiirnud 
80 aa to be completely off the dial plate which is just above 
the face-piece. Thia opens the air way. The nitroua 
oxide tube (k) is then fixed to the ether chamber at in unil 
the Cattlin's bag slowly filled with gas to two- thirds of iti 
capacity. The bag should contain at least two gallonn of 
gas. The face-piece ia then applied and carefully fitted, 
the excess of air in the air cushion being liberated. When 
the patient is accuatomed to the face-piece, that is in 
three or four respirations, the indicator is turiioil, during 
an inspiration on to the dial plate opposite tho letter "G" 
which stands for "gas." The patient now is breathing 
nitrous oxide and the admiuistrator from time to time 
admits more gas iuto the bag. When the broathiug. 
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which at first ifl usnally hurried and irregular, owing to 
the patient's nervousuess, haB settled into a quiet regular 
rhythm the tap of the ether chamber K is turned. Now 
the indicator is slowly moved over the dial from the letter 
G (gas) towards E (ether). If no check in the respiratory 
rhythm tatea place, the ether vapour is made stronger 
and fitrouger, until on the indicator reaching E, pure 
ether vapour is inhaled. If, however, the breath is held 
or cough occurs the indicator must he put back for a 
respiration or so until toleration of the ether is attained. ' 
The supply of gas should be kept up to this point, but as 
soon as the indicator ia at E the nitrous oxide is cut off 
by turning the foot-piece {/) flriuly to the right, and the 
indiarubber tube (A) is detached from m. As soon as the 
patient breathes the ether freely and conjunctival reflex 
has grown sluggish the face-piece is hfted and the gae 
expelled from the hag. This may in exceptional cases be 
rec[uired sooner, the indication being marked cyanosis and 
respiratory embarrassment, or sudden pallor. 

Slight cyanosis and breath holding are signs for not 
admitting air. If the face-piece is hfted too soon the 
patient wiU rapidly "come out" of the nitrous oxide 
narcosis and his blood not being BufQciently saturated 
with ether he will commence to struggle. On the other 
hand if the ventilation of the lungs hy admisaiou of air ia 
delayed too long respiration wiU be seriously impeded and 
the heart become embarrassed. One if not more deaths 
have occurred through this accident although the watchful 
administrator can hardly overlook the obvious signs of 
danger, such as failure of respiration associated with deep 
cyanosis. 

Care must he taken that the face-piece &ts accurately, 
as if air leaks in around the air pad tlie patient vrill 
breathe very softly and draw the air ia but get little or 
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no ether. 'When once moscalar relaxation has ocouired 
and the breathing is regular tJie rules given above will 
guide the anssthetiat, air will have to be admitted from 
time to time acd all cyauosiB carefully avoided. The tap 
(im) should be kept open in order that air may be drawn 
in by the patient's inBpiration. When, owing to reepira- 
tory Bpasm, or pereiBtent cyanosis, oxygen seems indicated 




it ie readily given by attaching a rubber tube connected 
with an oxygen cylinder to the inlet at m when the bag D 
can be readily filled with this gaa. 

Dr. Hewitt has introduced a convenient modification of 
Clover's apparatus for giving gas alone, or with ether, 
which ia figured above. 
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In this apparatuB the inspiratory and expiratory valves 
are placed, not in the face-piece, but in a little chamber 
near it. Below this valve chamber is a two-way stopcock. 
The valves may be thrown into or out of action by the 
tap. When turned aa in fig. 32, p. 163, the valves act, 
and all expirations {whether of air or gas as determined 
by the stopcock below) escape. "When the tap is turned 
iu an opposite direction, to and fro breathing (of gas or 
air as the case may be) results. To use the apparatus, 
first allow the patient to breathe air and see that the 
valves act freely. Then turn on nitrous oxide by moving 
round the handle. Should nitrous oxide unexpectedly fall 
short the valve action may be stopped by turning the tap, 
and the patient would then breathe gas into and out of 
the bag till aniesthesia occurs. 

The apparatus is so made that a very free draught 
through it is permitted, the valves, which are of thin 
indiarubber, acting very easily and thus giving no sense 
of difficulty in breathing. "When nitrous oxide followed 
by ether is requhred, the stopcock, Ac, can be fixed to a 
Clover's portable apparatus as shown in fig. 82.* 

The adoption of a larger aperture through which the 
patient breathes is an advantage^ and Dr. Hewitt's most 
recent inhaler possesses this desideratum,! 

(b) Woodhouse Braine's Method. — This plan 
consists essentially In keeping the nitrous oside and the 
ether apparatus perfectly distinct, so that the nitrous 
oxide apparatus is not contaminated with the smell of 
ether, and patients are only aware of inhaling nitrous 
oxide. Full anaesthesia is induced by means of nitrous 
oxide gas, and then the Ormsby inhaler previously charged 

• For thlB (iescriptlon I am indeljieil to Dp. Fradaric Hewitt. 3eo"Aii«s. 



with ^iss. ether, is rapidly eabstitated for the gas face- 
piece ; thia is done at the end of an iuspiratioa of gas in 
order that the next expiration may distend the bag of the 
Ormsby. No inspiration is allowed during the change 
of inhalers. The breath is almost invariably held for a 
few seconds, and then a deep inspiration is taken consist- 
ing of ether vapour, nitrous oxide and the small quantity 
of air always in the bag, this is quickly followed by re- 
gular inspirations and the patient passes smoothly to deep 
ether antesthesia. Of the two methods I think Clover's is 
superior, as in it there is no break in the continiiity of the 
induction. The patient hrst breathes gas, then gas im- 
pregnated with ether, and finally ether. 



II. Ethyl Chlobide followed bi Ethek. 



The portability of the rapidly evaporating anffisthetics 
like ethyl chloride and its mixtures, renders them useful 
when nitrous oxide is unobtainable. 
, Many ways have been suggested by which the ethyl 
chloride may be given in sequence with ether, and refer- 
ence must be made to a later chjipter dealing with the 
aucesthetic more in detail for particulars and technique of 
the methods suggested. 

The only essential is that complete exclusion of air is 
effected while the ethyl chloride is being administered. 

(a) When separate mhalers are employed. The chlo- 
ride of ethyl 3 to 5 c.c, is poured upon the inside of the 
mask according to the age and physique of the patient, 
and this is at once applied all air being excluded. In 20 
to 30 seconds stertor will be heard. The mask is then 
rapidly changed for a Glover's ether inhaler, already filled 
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and arranged bo that the patient at once breathes a, full 1 
strength ether vapour. 

(6) But two inhalers are not neceseary. The chloride 
of ethyl can be poured directly into the bag of a Clover's 
regulating inhaler, of an Ormsby, or of that of whatever | 
ether inhaler is selected, and the patient inspires the 
anmsthetic as above until stertor is heard, when the ethei 
is turned on. Dr. Levy suggests pouring the chloride of j 
ethyl into the ether receiver of a Clover's inhaler, and h 
devised a little attachment holding the requisite amount | 
of ethyl chloride. This fits into the filling aperture. 
There is ample time he asserts to add ether when uncon- 
sciousness has supervened. At this point the inhaler is 
removed from the face aud rapidly filled with ether and j 
the induction completed. 



III. A.C.E. MlXTORB FOLLOWED BY EXHBB. 



Various plane have been suggested whereby the patient J 
is first given the A.C.E. mixture from a Rendle's mask, 
cone, or other apparatus, and as soon as unconsciousness | 
has been attained, an Ormsby's ether inhaler fully chai 
is substituted for the A.C.E. apparatus, and the anffis- 
thesia is maintained by ether. This plan answers well in 
certain oases in which it seems undesirable to commence 
the administration with nitrous oxide gas. It is impor- 
tant to give the mixture sparingly at first. This may ba 
done hy sprinkling it on a Schimmelbu sell's mask and ^ 
afterwards using a celluloid cone with a drachm or two of | 
A.C.E. Mr. Carter Eraine's apparatus (see fig. 26) 
answers well. The ether ehould be commenced before 
anv p.icitement shows itself. 



ETHER. 

In the case of weakly persons and children, I have 
foand the plan of giving A.C.E. &om a Skinner'a mask 
or Hyderabad cone and following it by ether from a 
Clover's ether inhaler to be satis&ctoij. 



IV. Chloeofokm 



When nitrous oxide cannot be obtained, or is contra- 
indicated, this succession often proves valuable. Many 
persons cough in the earlier stages of etherisation, espe- 
cially when pharyngeal or bronchial catarrh esiata. Some 
patients also dread nitrous oside and like chloroform, this 
ia especially the case with ladies who have taken chloro- 
form in their confinements. 

Methods. — Practically any of the methods mentioned 
below {Chapter V.) may be employed, but patients very 
commonly beg for the use of a handkerchief, and there is 
no objection to using it with a drop bottle until the 
second degree of narcosis is reached, when ether can bo 
substituted from an ether inhaler. In my own practice I 
usually employ a Schimmelbusch's frame for the chloro- 
form and give the ether from a Clover's inhaler. When 
the ether is commenced it should not be given in unduly 
concentrated form, or when cyanosis is present, otherwise 
holding of the breath, struggling, and other undesirable 
phenomena will arise. 

No method in which chloroform ia employed is free 
from some risk, so that the administrator must, if he 
decides upon employing the A.C.E. mixture or chloroform, 
be fuUy alive to the additional danger introduoed into the 
amesthesia, 



ANESTHETICS. 



V. Ether with Oxygen. 



I have for some years employed oicygea aa an adjuvant 
to ether. In cases in which the induction presents au- 
usual difficulties from dyspncea, spasm, cough, holding of 
the breath, struggling associated with cyaQosia ; in alco- 
holics; and in persons of feeble vitality, the repeated filling 
the bag connected with the ether inhaler with oxygen re- 

es all difficulty, and rapidly induces quiet ameathesia. 
The narcosis so obtained is more profound than can be en- 

d when using ether by itself, as the liy peroxidation of 
the tissues enables more ether to enter the circulation 
than could otherwise occur without danger to the uervous 
centres, hampered as they probably would be by deosy- 
dised blood. The plan I pursue is to admit the oxygen 
through a second tube fitted to the Clover's gas and ether 
inhaler pari passu with the ether, and either give the 
oxygen intermittently or continuously as occasion seems 
to demand. The oxygen certainly acts as a powerful 
Btimulant, and is very valuable in prolonged and exhaust- 
ing operations as a corrective to shock. 



Vf. Ee( 



JLthbrisatiox. 



PirogoEF and Roux as early as 1847 suggested that ether 
sfaonld be given by the rectum, and finding that liquid 
ether could not with impunity be injected (ilagendie), the 
Ibrmer employed au apparatns which permitted only ether 
TRponr to enter. He, Pirogoff, obtained such good results 
^ that be believed rectal etherisation would replace pul- 
I "''MiMy inhalation. More recently Dr. Axel Yversen, of 



Copenhagen, Dr. 0. Wanscher of the same city, and Dr. 
MoUiere, of Lyons, as well as Dra. Bull and Weir, of New 
York, have tried rectal etherisation and speak well of it. 

I have now used the method pretty estensively and find 
it to answer admirahly for operations about the mouth, 
nose and post- buccal cavities, for intra- and extra- 
laryugeal operations, for staphylorraphy and for opera- 
tions for the relief of empyema. For the removal of the 
tongue, for excision of the jaw, or jaws, and for plastic 
operations about the face, the method gives greater 
facilities and freedom to the operator than any other plan 
I have tried. Mr. Appleby recommends the method also 
for prolonged dental operations. The advantages claimed 
are (i.) less ether is used, (ii.) recovery is more rapid, 
{iii.} after effects are leas severe, (iv.) the stage of excite- 
ment ia lessened or abrogated. 

Its disadvantagea are : — tbe greater length of time the 
patient usually takes to become ready for operation. 
Although this objection is not applicable to all cases, I 
have found it espedient to shorten the time of induction 
by giving ether or chloroform in the usual mamaer 
through the air passages and trusting to rectal etherisa- 
tion for the maintenance of aoffistheaia, Besides saving 
time this plan lessens the actual quantity of ether re- 
quired and so miuimises the chance of deleterious after 
effects, and also preserves the patient from the discomforts 
of the induction when performed hy rectal etherisation. 
Dr. Wanscher, however, eays some of his patients having 
beeu auffisthetised first by the usual method and subse- 
quently by the rectum, preferred tbe latter. Dr. Bernard 
Btedman employed rectal etherisation in a series of cases 
adopting my method, and has reported most favourably 
npon it, • 

instances severe meteoriam, diarrhcea, and 
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even melfena have resulted. UuqueBtionably the method 
reqiikee the greatest care and some experience before a 
uniformly happy result can be expected, and the atHBS- 
thetist must remember that careleesneBB iu permitting too 
rapid an evolution of the vapour will lead to grave suffer- 
ing if not to danger and death. 




The apparatus I have employed ie in effect an ether 
receiver holding about 2 or 3 ounces, this is plunged into 
a Becond vessel which should contain water at 120° F. 
The ether vessel communicates by an iudiarubber tube 




I 



with a glasB intercepter devised to prevent the entrance of 
liqaid ether into the rectum. The further end of the 
intercepter is joined by another and shorter tube to an anal 
tube. This is made for me by Mesars. Mayer and Meltzer. 
Some persons have employed the water at a higher tern- 
peratare, bat my experience leads me to believe that the 
untoward experieacea which have been recorded have in 
most, if not all, eases been brought about by having the 
water too hot, and so permitting a too rapid evolution of 
ether vapour. 

The usual sigus of aufestbesia are present and so 
nothing need be said about them. As a rule children go 
under more rapidly than adults, when ether is given by 
the rectum, but the time occupied in indncing complete 
anaesthesia varies within wide limits. I have succeeded 
in S minutes and bare had to wut 15 or 30 minutes. 
Dr. Samson infomia me that Amerieaa Burgeons have 
had serexal fatalitMa m anpiojing this method. I have 
met with gnve mmf^ettiona which although in fart due 
to the ^ifneal eonfitioD t4 the patients, were ondonbtedlj 
not wboBf jaJtfuaJtBt of the irritation eanaed in the 
inteitiaa hy the carlriice of ether ■nfoat. 

AfiM 

chaiaelcr, fdniAd JMrnttm oS the intartmal tnet nth 
Buce or kai w«it» aill af e are the com^ieatiaiM which 
hare kca BceMStd, Dmlfaa bare oecmxed. 
to be t 
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CojiPLiCATiON-3 DURING Ether Inhalation. 

The chief complioatious which occur during ether 
narcosis are connected with respiration. In the first 
place in persooB whose lower jaw is underhung, this with 
the tongue is liable to fall haclf and so interfere with 
reepiratiou. The fingers placed behind the angles of the 
mandible will readily rectify this, but it is important to 
see that the lower teeth are not engaged behind the upper 
but project well beyond them in front. The breathing | 
may be stopped by a more serious canse through obstrno- ! 
tion in the larynx, the rima glottidis becoming closed and ' 
no air entering the lungs. In some cases the rigidity of " 
the masseter muscles may cause impediment to air entry 
by provoking tight closure of the teeth. Inspiration 
through the nose is very commonly imperfect through ' 
Borae stenotic condition, and may he greatly hindered or 
prevented by the nostrils being sucked in with inspiration, 
whilst the lips are at the same time drawn in over the 
clenched teeth. In this way httlo air can enter the cheet 
and the patient becomes cyanosed. If Uie teeth he 
forcibly separated by a screw gag, air will enter freely and 
the cyanosis pass off. It is wise in these eases to insert a 
gag between the teeth before replacing the inhaler, A 
towel wrapped round the face-piece and lower portion of 
the face will prevent an undue entrance of air. Iiaryn- 
geal spasm, leading to partial or complete closure of 
the rima glottidis may arise, being in most cases due to 
the impact of too concentrated ether vapour upon the I 
sensitive laryngeal mucous membrane. It is especially J 
liable to occur when there is pre-existing hypenesthesia of ] 
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the mucoua membrane, e.i/., in inflammatory conditions. 
Commonly the spasm is initiated by an attack of coughing, 
then the inspiration becomes stidulous and the patient 
grows cyanotic. It is usually sufficient to withdraw the 
ether until the spasm passes off and then administer the 
anfesthetic more guardedly. In very extreme cases it 
might be necessary to perform laryngotomy. The danger 
is accentuated in short thick necked persona, and in those 
who through inflammatory or other causes snfl'er from 
pressure upon the trachea. In one case of which I have 
notes, laryngotomy was actually commenced, but for- 
tunately I was able to force oxygen into the lungs 
and normal respiration was restored. Chloroform was 
then substituted for ether. In this case there was no 
evidence before the ether was given to cause suspicion 
that it would prove an undesirable anesthetic. The 
movements of respiration do not cease in the condition of 
laryngeal spasm, whether partial or complete. In eden- 
tulous persons the long flabby hps are sucked in and act 
as a kind of vaive permitting expiration but hindering 
inspiration. To remedy this the jaws should be separated 
by a Fergusson'a gag, it is then easy to administer the 
ether as the gag keeps the mouth open and the lips apart. 
A more troublesome, although fortunately rare, com- 
plication occurs when the thorax becomes fixed by 
spaamodic contraction of the muscles of respiration. 
The treatment hero is to maintain the air way patent, and 
to attempt to overcome spasm by artificial respiration. 
Jerking up the chin will by dragging the larynx upwards 
lujd forwards often induce the patient to take a deep 
iuspiration. In spasmodic fixation of the thorax, ab- 
dominal respiration must be practised, and the floating 
ribs compressed in expiration. Stimulation of the nasal 
mucous membrane will sometimes initiate a deep inspira- 
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tjon. This can be doue with quUls of bibulous 
soaked in aal volatile or &a ammoiiiacal solution. 

Laborde'a plan of rliytlimic traction upon the tongue, 
twenty times in a minute, will prove valuable if the above 
faUs. Freud en thai'- suggests direct irritation of the epi- 
glottis and avers this gives better results than Laborde'e 
plan. 

When a shght degree of spasni of this kind follows 
coughing and irregular breathing, replacing the ether by 
chloroform for a few respirations will often completely 
remove all trouble, lu all these conditions the danger is 
increased by the rapidly deepening cyanosis. If the air 
ways can ho rendered patent, and this usually can be ac- 
complished by the means mentioned above, oxygen given 
under pressure as from a cylinder of compressed gas will 
greatly facilitate recovery. Intubation and perflation 
with oxygen are practically always possible and seldom, 
if ever, fail to restore the function of respiration. 

Mucus or eseesEive salivary secretion, by lying about 
the epiglottis and laryngeal cliink, sometimes sets up 
spasm and interferes considerably with respiration. The 
same condition may arise from blood due to the operation 
or to epiataxis, and these conditions must all be borne in 
mind. Hremoptysis and hiematemesis are less hablo to 
occur during the administration of ether than afterwards, 
but I have met with the former condition more than once. 
Placing the bead well over to the aide and sponging out 
the throat usually correct the cause and remove the 
dyspncea. In persons whose faucial isthmus is narrowed, 
and in those whose respiration under ether is not free, 
the tongue is Uable to grow congested, venous return 
being interfered with, and the swelling thus caused be- 
comes a further factor iu interfering with breathing. 




Opening the moatb, drawing the tongue forwards, and 
maintaining an adequate supply of air usaaUy will remedy 
these diSicnlties. 

IB important inconveniences of ether inhalatiou are the 
increased secretion from tlio mouth and respiratory tract ; 
these although interfering with respiration are seldom 
of any great importance, Holscher* has pointed out that 
rales heard in the trachea ate due not to the secretion 
arising from irritation of the broncho- ti^acheal mucous 
memhrane, hut to aspiration of mucus and eahva from 
the mouth. It must be remembered, however, that in 
infants and weakly persons this exoeBsive secretion may 
prove a grave compheation, and cause blocking of the 
tubes and water-logging of the lungs, I have known one 
case when the secretion was bo excessive that respiration 
stopped, and was only restored by partial inversion when 
a quantity of thick mucus poured from the mouth and 
nose, when breathing recommenced. 

Coughing occurs in many persons, especially if ether 
vapour be given in too concentrated a form ; but it is not 
always necessary to remove the inhaler to remedy this, 
for frequently while a dry cough comes ou in the earlier 
stages of etherization, it is suppressed by pushing the 
anfflstiietic. I have met with some cases in which cough 
has been very urgent and associated with inspiratory 
dyspncea and cyanosis so severe as to be alarming. In 
such cases some spasm usually exists. Inhaling oxy- 
gen will as a rule completely and rapidly remedy this 
condition, or a few whiffs of chloroform may be given, 

The danger of sucking foreign ho dies into the air 
passages is of course present when the patient is under 
ether just as when he is under any other antesthetio, but 
no detailed notice need he given here as this complication 
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in coneidered at length elsewhere. If attention, however, 
in paid to the posture of the patient, bo that the head ia 
tamed to one aide, many of the dangers just referred to 
may be avoided or minimised. 

Over-dose. — If ether be incantionsly pushed for a 
prolonged period, without allowing the patient from time 
to time to renew the air in his lungs, the respiration may 
stop altogether. This condition would appear to ensue 
Upon the overloading of the blood with ether, leading to 
poisoning of the respiratory centre. The treatment is the 
immediate performance of artificial respiration. If this 
be properly done the blood soon becomes duly osygenated, 
and the nerve centres being once more supplied with 
depurated blood, recover their control over the respiratory 
mechanism, and so natural respiration ensues. During 
very prolonged operations it is also wise to give ether 
sparingly during the last portion of the time, as when 
once the patient has been thoroughly saturated with the 
aniestbetio he will remain nnconscioue for a considerable 
time without further inhalation. When care ia taken to 
avoid the patient growing at all cyaiiosed over-dosage 
cannot occur. Some fatal results have followed the prac- 
tice of holding an inhaler firmly over tlie pattenfs face 
and neglecting to allow him to breath air from time to 
time. 

Barely, the heart may give trouble. In a few recorded 

oases fatal syncope has occurred at the commencement of 

ether inhalation, hut whether such casualties can be justly 

imputed solely to ether influence, ia I tbinit doubtful. If 

the patient struggles violently, as he is sure to do if the 

eflior ia given in too concentrated a vapour, he is Uable to 

■om the straLn imposed upon his heart, 

iing during the operation is nearly always due 

dug of too Uttle ether, and follows upon the 
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partial resumptiou of con scion sneas. The patient will 
be obaerved to inspire irregularly with shallow breaths, 
followed now and again by yawning inspirations. This 
will be enoceeded by efforts at swallowing, rapid and 
chiefly abdominal inspirations ensue, and the patient 
retches and vomits. Conjunctival reflex returns just 
before the sickness. In treatment two indications are 
now paramount, to get rid of the vomited matter and to 
avoid any of it being drawn into the larynx by the deep 
inspiration which always follows the act of vomiting ; 
secondly, to prevent complete return to consciousness. 
To obviate these the patient's head should he turned to 
one side without being raised and all vomit removed with 
a sponge or hy the finger ; the inhaler should be then 
rapidly re-applied, and if further vomiting occur recourse 
must be had to similar mancenvres. But a judicious push- 
ing of the aniGsthetic at the Srst signs of the onset of 
vomiting will often, if not always, prevent the occurrence 
of sickness. In carrying out this plan great care must he 
taken, lest If it fail and vomiting occur, the ejected matter 
should enter the windpipe. If vomit he drawn into the 
trachea and cannot he coughed np, it may be necessary to 
open that tube and take measures for the removal of the 
foreign bodies from the air passage. Aspiration of gastric 
and intestinal contents in cases of abdominal distension is 
liable to occur during auffisthesia. Many of the recorded 
deaths under ether have arisen from this cause, and the 
greatest care must be taken to avoid the comphcation by 
lavage, when that is possible and expedient, or by main- 
taining a sufficiently light antesthesia to ensure laryngeal 
reflex persisting. The subject is, however, dealt with 
elsewhere and at greater length. 

Ether tremor. — Occasionally patients during the 
induction of aneesthesia and even when completely anies- 



1 



les 



AWSSTHETICS. 



thetised evince thia curious and inconvenient Bymptom. 
One or both legs shake and tremble, sometimeB with great 
violence. If any attempt is made to control the move- 
ments a clonus is eet up aud the condition made worse. 
The complication is not common but I have met with i 
not infrequently. It ia sometimes possible to overcome ii 
by deepening the narcosis or by changing the anffisthetio 
for chloroform. 



After Effects op Ethek. 

These are immediate and remote. Ether chills the 
body, so that when the anffisthesia has to be kept cp for 
any length of time it is advisable to keep the patient well 
covered up, and to apply hot water bottles to feet, thigha 
and flanks. The arms aud legs may also be bound up in 
cotton wool, especially when rectal etherisation is con- 
templated. It has been suggested that the use of a Lot I 
water table for prolonged and grave operations would J 
counteract the shock. 

The unpleasant taste and smell of ether often hangs 
about a patient for hours. It is best got rid of by fresh 
air in warm and well heated rooms in cold weather. 
The clothes should be changed and the mouth washed out 
with a solution of chlorate of potash or other mouth wash. 
Whenever practicable a patient should be removed frona 
the room in which the anfesthetic has been given as 
as the operatiou is completed. 

The dangers of ether when immediate are due i 
to:— 

1. Interference with respiration. 

2. Interference with circulation, 
e of vomiting. 
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Wheo remote arise from : — 

1. luflammatory attacks affecting the mucous and 
BeroiiB membranes of tlie respiratory tract and pleurie. 

2. Failure of the circulation. 

3. Rupture of vossela. 

4. Renal complicationB. 

5. Gaatro-intestinal tract. Vomiting. 



Imuediatk Afteh Effects. 



1. Respiratory.— Dyspnce a may arise from tlie pos- 
ture in which the patient is placed after being put back to 
bed. Care should always be taken that the head is so 
arranged that respiration is not interfered with. Also, it 
must be borne in mind that vomiting may occur and 
eomeoue should be at hand to prevent suffocation from 
aspiration of vomited matter into the trachea. An accu' 
mulatiou of muous may hamper respiration after ether, 
for until the patient is sufficiently come round he will be 
miable to cough away the cause of obstruction. Hamo- 
ptysis rarely occurs, but I have seen slight cases ou 
several occasions. 

2. Circulatory. — Slight faintnese may ensue after 
lifting the patient back to bed, but I have seldom seen 
trouble from this cause. In no case must the patient 
be allowed to sit up tor some time after the senses have 
returned, as fatal syncope has occurred upon the patient 
sitting up to vomit. 

8. Vomiting commonly sets in before the patieut is 
fully conscious, but as a rule is slight and soon passes off. 
"When placed in bed he should liave his head turned to 
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one side. It is exceptiosal for a patient to vomit more I 
than twice unless food has been taken too soon after the I 
amesthetic, or the patient has been imperfectly prepared 1 
for the operation. 



Remote After Effects. 



A catarrhal condition of the air passages, of the gastro- 
iutestinal tract, and of the renal mucous membrane ar» 
the moat serious of these. 

1. Respiratory. — In a certain numbei 
comphcatioua occur, but I beheve when ether is properly 
given it is rare to find bronchitis, broncho-pneumonia 
(so-called ether-pnenmonia) following its administration. 
It has been pointed out that pulmonary complications are 
most commonly found to arise in cases of abdominal 
section and especially when septic conditions exist. In 
this statement probably lies the explanation of the occnr- 
reuce of many cases of the so-called ether -poeumonia. 
The infection of the lungs is, according to many observers, 
due to the aspiration of septic material from the abdomen 
which has found its way into the air passages. Holscber's 
esperimenta referred to above show that aspiration from 
the mouth, where the pneumococcus is commonly found, 
can, quite independently of ether, introduce mucua and. 
saliva into the trachea and bronchi. Whatever be the 
true pathogenesis of lung corapUeationa following ether 
inhalation, two facts are certain. Firstly, broncho- 
pneumonia does occur, although much more rarely than 
is commonly believed, and secondly, complications are 
less liable to be produced when the anaesthetist limits the 
^ty of ether given and avoids super- saturation of the 
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blood. Id times before auiEstheticB were employed, i 
must be borne in mind, pneumonia was a oomparatively 
common complication of operations. And further, 
ether is usually selected for tbe most desperate cases it 
would probably be used when pneumonia is most liiely to 



Bronchial catarrh ia a not infrequent after-effect, 
have met with a case of pleurisy with pleuro-pneumonia, 
but as the condition was right sided and occurred subae- 
qnently to au operation for the relief of hepatic abscesE 
may not have been due to ether. Bronehitis is especially 
hftble to be caused in patients who have suffered from the 
disease previously, and seldom in my experience starts 
from ether chilling unless in the aged and asthenic. The 
danger of broncho -pneumonia and of true lobar pneu- 
monia after ether is one about the frequency of which it is 
difficult to decide. I have repeatedly been told of cases of 
ether pneumonia which upon investigation I have found 
to be merely bronchial catarrh, without any of the clinical 
aspects of the graver lesions. On the other hand, Dr. 
Drummond," Dr. McCardie and others, have published 
cases of pneumonia which apparently were due to pro- 
longed etherisation. In a valuable discussion (see Tran- 
tactions of Society of AnmthetiUs, vol. iii., pp. 55 and 69) 
this subject was carefully considered, the consensus of 
opinion being that true pneumonia is a rare complication 
of ether inhalation, provided the method adopted is o 
which prevents excesaive quantities of the anfesthetio 
being inhaled. The association of pneumonia after ether 
with abdominal surgery is obviously one of importance, as 
the patients in these cases are at once liable to be auto- 
infective, and to be placed in an unfavourable condition 
as regards pulmonary ventilation. If there ie much 
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bronchial secretion and the abdomen is tigLtlj bandaged 
HO that reBpiratory movements are hmited the BGoretion 
cannot be got rid of and is extremely liable to act as a 
local irritant. It is, no doubt, this which in prolonged 
etherisation, especially when the aniesthetic is given 
freely, causes pulmonary trouble after ether. I am bound 
to say that in my own practice I have seen very few really 
eevero pulmonary sequels to etherisation, but I have 
always in prolonged operations restricted the quantity of 
ether employed, and usually, when the condition of the 
patient permitted it, changed the nnffisthetia to chloroform 
after half an hour or so. 

This precaution is especially needful if the patient 
shows signs of free bronchial secretion. It is a signifi- 
cant fact that most pulmonary sequelne of ether occur 
among hospital patients. Pneumonia seldom follows the 
inhalation of chloroform as a recent writer has pointed 
out, but bronchitis certainly occurs as an after-effect. But 
even admitting this statement, which probably no ex- 
perienced antesthetist will dispute, we are still left with 
the equally well authenticated fact that when the patient 
who has taken ether for a prolonged period is kept free 
from chills he seldom if ever suffers from pneumonia. As 
a practical outcome of the discussion it may be accepted 
that pneumonia is always a possible although rare after- 
effect of ether and this liability must be reckoned with in 
making the choice of the anesthetic and of the method of 
giving it. When the condition of the patient suggests 
pulmouory susceptibility ether had better be avoided. 

Another aspect of this subject is the infection of the 
patient by septic organisms from an ether inhaler. 
The possibility cannot be doubted when dirty instruments 
are used. Ether, however, is not favourable to the exist- 
ence of pathogenetic organisms. When an inhaler such 
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H as that figured on p, 150 is used and the parts boiled or 
" sterilised in oarbolio acid solution this source of danger 
can be absolutely removed. 

Although the treatment of these lung comphcations 
does not fall within the scope of this book, something 
may be said about prophylaxis. Bearing iu mind that 
there is always a fall of some degrees of body tempera- 
tore upon taking an aufesthetio, it ia most important 
tliat the patient should be warmly clad and that the room 
in which he is operated upou be kept at a proper tempera- 
ture. Not less necessary is it that after the operation he 
should be always well covered up and carried into a room 
also heated, and care be taken that he is not chilled during 
the passage from one room to the other. Many persons 
lose their lives for want of this obvious precaution. 

One of the gravest complications in ether narcosis is 
a spasmodic condition affecting the respiratory tract. 
Fortunately it is comparatively rare. It is not always 
associated with closure of the glottis, although the air 
passage is probably narrowed. The patient's respiration be- 
comes shallow and cyanosis rapidly develops. This usually 
occurs after a paroxysm of coughing, and is not associ- 
ated with an " overdose " nor with a suddenly increased 
strength of vapour. The onset may he early iu narcosis 
or after the patient ia completely anfesthetiaed. There 
are no signs of dyspncea such as violent respiratory efforts 
hut merely fixation of the chest with cessation of the 
function of respiration. I have met with the condition in 
short necked stout persons and regard it as a vagal reflex. 
It is almost impossible to perform artificial respiration by 
the usual methods owing to the fixation of (he thorax, but 
compression of the abdomen and rhythmic traction upon 
the tongue while oxygen under pressure is introduced into 
the lungs will counteract the spasm. Failing these 
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measurea the larynx would have to be opened, 
fortunately never eeen the neoeBsity for tbie. 

Profase broncbial eecretiou, eBpecially if tbe mucus 
thick aad tcuacious, may cause trouble. In slight caseB 
sponging the fauces and diBcontimiing the ether will be 
all that is required. lu extreme caeee when the lunge 
appear to he waterlogged inversiou aud rhythmic traction 
upon the tongue will provoke a flow of mucus from the 
mouth and clear the lunga. The possibility of an acute 
cedema in such cases must be remembered, 

2. Circulatory. — Ether collapse. — After a very 
prolonged administration of etlier, when large quantities 
are used, the patient may become dusky, the respirations 
shallow, the extremities cold and the circulation poor. 
Especially is this liable to occur when the operation haa 
been severe. Shock bo arising, whether due to over- 
dosage with the aniesthetic, or to this coupled with snr- 
gical shock, is best treated by the feet-raised position, 
beat applied over the body and a sinapiem on the pre- 
cordium. 

Syncope or faintness following ether inlialatiou 
escept as a concomitant of " collapse," or unless arising 
from persistent vomiting (^ride infra) is very unusual and 
ouly occurs in my experience in the case of persons pre- 
disposed to syncope, 

3, HEBmoFrhage into the brain or medulla bas been 
noted as a result of rupture of an artery after ether 
inhalation. It is not easy in such cases to eliminate 
coincidence, hut cerebral hiemorrhage has certainly been 
found post mortem in cases of death under etber. On 
two occasions I bavo known this accident to happen to 
patients for whom I was to have given ether, but who 
died from the hiemorrhage a day or two before the opera- 
tion was arranged, and of course before any anjeathetio 
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was given. Hail the bsmorrhage occurred during the 
etheriaation the natural inference would have been drawn 
that it was the result of the ether inhalation, 

4. Renal complioation. — As has been pointed out 
above, the most conflicting evidence has been advanced 
about the effects of ether upon the renal mucous mem- 
brane. CUnically many observers have noted more or 
lesa severe nephritis, hasmaturla, diminution and even 
Huppreseion of urine following the use of ether. Alba- 
mi uuria not infrequently follows its use and when 
existent before the ether is taken it is commonly in- 
creased after the administration. My own esperience 
is that when ether is carefully given renal complica- 
tions are very exceptional, even albuminuria is un- 
usual and suppression of urine most rare, I have used 
ether when it was known that kidney disease existed 
without untoward results following the inhalation. Still 
many careful observers have found such complications, 
and it would appear better to avoid the risk if there is no 
very cogent reason for the use of ether in the case. 

5. Oastro-intestinal tract. 

Nausea and vomiting in some cases may prove 
troublesome and very intractitble. They usually occur in 
persons whose general health has been impaired before 
taking the anfesthetic. All food and stimulants must be 
withheld for three or four hours after ether, and the 
patient be encouraged to take teaspoonfuls of hot water ; 
tepid water provokes more vomiting, hot water checks it. 
The use of metal spoons in so administering the water 
ehould be avoided that the lips and tongue may not be 
blistered, I have found that when sipping hot water 
fails, a copious draught of it will often succeed. In some 
cases iced soda-water in sips is useful, while iced black 
coffee with a dose of bromide of sodium or ammonium is 
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ofteu efficacious (gj-. x. to a small cupful). Abaolnte 
with an enforcement of the Bupiue position muEt 
served, the patient being placed in an airy room, with 
windows open, if the weather permit it. He shonld be 
well covered with blankets or rugs. In leaser degrees of 
sickness, sucking pieces of ice is useful ; but the loading 
of the Btomaeh with ice-cold water is a measure often 
followed by great sickness and discomfort. Covering the 
face with a thin handkerchief on which is dropped toilet 
vinegar will frequently check the tendency to sickness, 
Mackenrodt suggests cider vinegar used in this manner. 

Should vomiting continue and there be accompanying 
collapse, iced dry champagne may be given in teaspoonfal 
doses every quarter of an hour until improvement occura. 
A mustard leaf over the pit of the stomach will often 
prove beneficial. In persistent vomiting Knssmaul's 
method of lavage is recommended by Ehoades.* He 
introduces an Ewald's tube and syphons in and ont with 
boric acid lotion (gr. v. to ^i). When vomiting is feared 
rectal feeding for forty-eight hours ahould be adopted. 

Some persons suffer from great nausea without much 
sickness. Small doses of tincture of nus vomica will do 
good in these cases, one minim in a teaspoonful of water, 
by preference hot, may be taken every ten minutes for an 
hour. This will usually check the nausea, and failing it, 
Dr. Binger's suggestion of drop doses of vinum ipeca- 
cuanhiB may be tried. Dilute hydrocyanic acid in minim 
doses is also useful. Hfflmatemesis has been recorded as 
having followed the use of ether, I have never met with ft 
case of this. 

Hiccough, which is Bometimea very severe after ether, 
may be cured by mustard (5J. infused and added to giv. of 
boiling water), taken in sips. Less unpleasant remedies 
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are oil of oajeput, chloral, and morpliiue (administered 
1) ypo dermic ally ) . A small cup of etrong green tea, taken 
hot and without sugar or milk, wDl often check hiccough. 
The thirst, sometimes a troublesome result of ether in- 
halation, will frequently disappear if rectal injections of 
hot water are given. 

Diarrlicea and passage of blood per annm after rectal 
etherisation should be treated by emollient injections 
containing opium, while the general strength of the 
patient should be attended to, and his collapse treated 
upon general principles. 



Deaths dcring Ether Narcosis. 

In the Lancet Report * seventy-nine deaths are quoted 
and particiilars of the cases are given. The causes as- 
signed may be summarised : — 

Imperfect anaesthesia producing shock.— Asphyxia 
from blood, vomit, or regurgitated intestinal contents 
entering the trachea ; respiratory spasm ; bronohorrhcea. 

Cerebral apoplexy in a case of senile degeneration of 
the arteries, embolism, " heart failure," " paralysis of the 
heart," heart failure during stage of excitement with 
struggliug. 

Pulmonary COnditions.^Bronchitis in an emphy- 
sematous patient, congestion of the lungs, pleurisy with 
effusion, pneumonia, pulmonary mdema, diphtheritic 
laryngitis, and emphysema. 

Renal conditions. — Urtemia, " from pre-existing 
kidney disease." 

The autopsy in these cases shows the most common 
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lesions to have baeu cluotiic disease of the lungs (mainly 
emphyeema), of the kidneys, and of the heart. In Beveral 
cnsea death resulted from mechanical asphyxia ; one, a 
case of goitre, one with undigested food wedged behind 
the Inrynx, and seveml of frecal nifiteriai in the liingg in 
patients Buffering from intestinal obstruction. In another, 
an ether adapted only for local antesthesia was inhaled with 
a fatal result. As would be expected, many of the deaths 
attributed to ether were those of patients who were I'lt 
ixtreoiis at the time of the operation, and for whom ether 
was selected in order to supply some stimulus in their 
profoundly collapsed state, There is very Uttle doubt 
that none of the cases reported were deaths from over- 
dosing with ether. There were several in which anies- 
theaia was clearly never obtained and death from shock 
took place ; while in most of the cases the choice of the 
anEBsthetio appears not to have been a good one. In 
pre-existing respiratory embarrassment (e.y,, goitre), in 
chronic lung disease, in advanced renal disease, and when 
the arteries are old and rigid, the use of ether may easily 
produce fatal results such as are mentioned in the Report 
above cited. In the Beport of the British Medical Asao- 
ciation"'' four deaths are recorded as definitely associated 
with the anffisthetic, and two more or less certainly classi- 
fied. These were due in two cases to aspiration of sterco- 
raceoua material. In tlie third case syncope occurred in 
a feeble aniemio woman lying on her left side. The heart 
failure occurred as the kidney was being manipulated, and 
was coincident with vomiting. The fourth case was that 
of a man who was in an extremely grave condition and 
died before the commencement of the operation. Cerebral 
hcemorrhage and uiamia occurred resjieciively in the 
remaining two cases, and several days subsequent to the 
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administration of the ether. Most of the deaths recorded 
by Grultz, in his statistics of deaths under ansBsthesia in 
Germany, were attributed to pneumonia, but as has been 
pointed out many of the fatalities were the result of auto- 
infection, and others were due to the injudicious methods 
adopted by which excessive quantities of ether vapour 
flooded the lungs for prolonged periods. 
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CHLOROFORM. 




CeLORoroRM (CHCI3), ti'ichloro- me thane, methenyl trieLlo- 
ride, as employed for purposes of anfestliesia, is a, fluid 
■'to which has been added sufficient absolute alcohol to 
produce a liquid having a specific gravity of uot less than 
1-490, and not more than 1-496 " (B.P.). 

Ckeiidcal and physical properties. — It is a eolourlesa 
limpid heavy liquid with a specific gravity of 1-497 at 
62-6° F. (17° C.) (Regnaulet); vapour deusity 4-199 
(Damas), It has an agreeable ethereal odour and sweet 
taste. Its vapour is not combustible, but if mised with 
alcohol and ignited it bums with a smoky flame having a 
greenish edge. It is very volatile, but although mixing 
freely with aii-, pure chloroform vapour can only exist at 
a temperature of 140" to 143-6° F. (GO" to 62° C). Thorpe 
gives the boiling point as 61-2 C. and its density at 0° C. 
as 1-5266 compared with water at the same temperature 
(AUeu). When exposed for some time to light, chloroform 
splits up into chlorine aud hydrochloric acid. Chloroform 
vaponr diffused in a hot room when illuminating gas or an 
open fire is burning decomposes, aud suffocating fumes are 
liberated. I have noticed that this decomposition occnre 
when a powerful electric lamp is held over the chloroform 
inhaler. These fumes are composed of carbon oxychloride, 
COCIa (phosgene gas), and are always formed when chloro- 
form is decomposed by light or heat in the presence of 
moisture. To test paper chloroform should be absolutely 
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neutral. It is almost insoluble iu water. It mixes 
freely with etber, absolute alcohol, petroleum spirit, and 
benzine. 

Chloroform is prepared in several ways. (1) By dis- 
tilling dilute ethylic alcohol with ealciam hypochlorite 
(bleaching powder) in the presence of calcium hydrate 
(slalied lime). After distillation the impure product is 
oarefully purified. The safety of the chloroform finally 
obtained depends largely upon the accuracy with which 
this is performed. Eaoul Fictet has efTocted purification 
by fractional crystallisation between —80° and —82" C., 
but his method is probably less effectual than that of 
distillation. 

Chloroform may also be manufactured from (2) methy- 
lated spirit (wood spirit) ; the product when carefully 
purified is said to be chemically indistinguishable from 
that obtained from rectified spirit. Methylated spnit is, 
according to Allen,* more difficult to purify and more 
liable, unless very carefully prepared, to contain by-pro- 
ducts, such as chlorinated oil, &c. If, however, it fulfils 
the tests given below, it is in every way satisfactory. 

(3) A further source of chloroform is acetone, prepared 
by the dry distillation of acetate of lime. Other processes 
exist by which chloroform is produced, but no description 
of these appears necessary in this place. 

It is stated by some that chloroform possesses a slightly 
varying physiological action according as it is derived 
from one or the other source detailed above. In chloro- 
form prepared from alcohol there is, according to Dr. J. 
Wade and Mr. H. Finnimore,! a small amount of ethyl 
chloride, and this accelerates anffisthesia. In acetone 
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chloroform there is no etliyl chloride, and Mr. Powell hasl 
found its absence protracts the induction period. 

Dr. F. W. Tunnicliffe* has made Bome careful experi- 
ments with chloroform and chloroform residues to test 
whether their toxicity becomes increased, us a resalt of 
keeping, transpoi't, etc. The specimens examined were 
taken out to South Africa and aiibseqiiently sent to 
England, where the examination took place. The con- 
clusion an-ived at was that when the chloroform is initio ' 
ally pure, except for the added alcohol, it remains free I 
from pharmacological deterioration under the ordinary I 
conditions of military transport. Tills of c 
that the hottles which contain the chloroform are kept 1 
closely stoppered and protected from a strong light. 

Chloroform ia hable to contain certain impuritieB. — 
Alcohol — This must he present in a Bmall quantity in 
order to prevent decomposition of the chloroform. The 
impurity is detected firstly by the specific gravity ; when , 
this is below 1-49 adulteration by alcohol is probable. 

The following teats should be satisfactory : — 

1. The sample must have the characteristic appear- 
ance, smell, and taste, of pure chloroform. 

2. Specific gravity should be l'-19 and the boiling point , 
60'8° C. (boiling point above 61'2° usually points to butyl i 
and amyl compounds). 

S, Water, which has been shaken for five minutes with II 
half its volume of chloroform, and separated from the ' 
chloroform, should be neutral to litmus (absence of acid), 
should not afford any colour with one o.c. of solution of 
cadmium iodide and two drops of mucilage of starch 
(absence of free chlorine), and should not yield more than 
averyshght opalescence with four drops of solution of nitrate 
E silver (absence of chlorides). After shaking sulphnrio 
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acid ■with ten times its volume of cbloroform for twenty 
minatea and setting aside for fifteen minutes, both the 
acid and the chloroform should be perfectly transparent 
and nearly colourless. Two c.c, taken from the layer of 
sulphuric acid, and diluted with five c.c. of water, should 
remain transparent and nearly colourless, and should 
have a pleasant odour. When this liquid is further diluted 
with ten c.c. of water, and stirrert with a glass rod, it 
should still be transparent and colourless, and the addition 
of four drops of solution of silver nitrate should iiot cause 
more than a ahgbtly diminished transparency. Water 
which has been shaken with half its volume of chloroform 
previously treated with sulphuric acid as described above 
should not afford more than a slightly diuiinished trans- 
parency with solution of silver nitrate ("British Phar- 
macopoaia," 1898). 

Hydrochloric add and chlorine are liable to be developed 
if chloroform be exposed to light and air. The first gives 
an acid reaction ; the last has a characteristic irritating 
odour, and bleaches. According to Sir William Eamsay, 
wlien chloroform is kept over slaked lime and decanted off 
before use it is kept pure. On the other hand, Mr. David 
Brown* asserts that contact with lime causes a rapid 
decomposition of chloroform. The addition of alcohol 
one per cent, will, M. J. Eegnauld believes, keep chloroform 
pure even if left exposed, and Mr. Brown appears to 
entertain this view, as he says: — "It is also my experience 
that 1'497 chloroform is not the delicate article some 
people imagine, but that it may be exposed to sunlight for 
some weeks without undergoing change." 
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PaYSioc-OGiCAL Action of Chlokofobm. 



Harley pointed out that chloroform deBtroya the ] 
corpuBclaa of blood. This may possibly, he JJiinkBi"! 
explain the occasional supervention of jaundice after 
chloroform narcosis. I examined the blood in a large 
number of cases before and after the patients bad taken | 
chloroform, and found both a lessening of the number of I 
red corpuscles and an actual increase in the number of ] 
white corpuacles. However, many other factors such asm 
restriction of diet and loss of blood probably play somev 
part in bringing about the insult. It has been shown by-^ 
Moore and Eoaf,* that hiemoglobin and serum proteid, 
and by Vernon Harcourt and Victor HorKley,t that the 
corpuscles, so long as they maintain their morphological 
intpgrifcy, possess the property of retaining chloroform i 
the blood and are thus the active agents in conveying it to ■ J 
the tissues of the body. 

Upon the blood corpuscles out of the body chloroform ' 
certainly acts as a solvent. It is a protoplasm poison 
rapidly destroying the contractility of muscle and the 
irritability of nerve tisBues, 

Prolonged inhalation of chloroform repeated day after i 
day for a cousiderable time is said to lead to fatty I 
degeneration of the tissues, and it is further asserted 
that like changes occur in a less marhed degree even , 
when but little of the narcotic is taken. Changes in tho 
liver resembling those seen in acute atrophy of that 
viscus, and swelling with subsequent destruction of the 
epithehum lining the tubules in the l 
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recorded. How far bucIi destructive changes are due to 
absorption of esoeasive quantitieB of the anesthetic, there 
is as yet no evidence to prove. 

Upon the akin and abraded surfaces : chloroform benumba 
and aats as a strong irritant, and if evaporation of the 
condensed vapour be prevented vesication follows. 

The varioiis parts of the nervous system appear to 
become affected in the same order as obtains in the case 
of ether, the cerebral centres are influenced before tlie 
sensory fibres of the cord, these before the motor fibres, 
while last of all the medulla oblongata becomes paralysed. 

Chloroform has been believed to possess a selective 
action upon the nervous system, analysis of the tissues of 
persona who have been liilled by chloroform showing that 
the brain and cord contain proportionately more of it 
than other tissues (Lallemand, Perrin, and Duroy). 
Julius Poh! has also found that the brain of narcotised 
subjects contains more chloroform than the blood con- 
tained in the afferent blood veeeels. What is the nature 
of the action upon the nerve centres we are unable to say, 
hut evidence points to the probability that it is exerted 
upon the tissues themselves. Hamilton Wright * has shown 
that the neurons are profoundly affected by both chloro- 
form and ether, and the effect is proportionate to the 
duration of the inhalation. Marked although evanescent 
mici-oscopic changes occiir with rarefaction of the cell- 
sutistance which it is suggested may modify nervous func- 
tion. The effects of anasthetics upon isolated nerve have 
been carefully worked out by Waller. This observer has 
shown that, in the ease of chloroform, the nerve tissue 
readily loses its electro-excitability, seven times more 
easily than in the case of ether, and is liable to be so 
permanently damaged as to lose it entirely. 
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It has been shown by SherriDgton and Soirton, and b 
others, that cblorofonn exercise a direct inflnence i 
nil maEcalar tissues, althoagh volnntary ts less x 
than involnntary muscle. The action is proportiffliate 1 
the strength of the chloroform vnponr. 

Chloroform, although poseibly in part Eplit np (Zeller), 
certainly remains mostly onchasged in the body and i 
eliminated in the nrine, the breath, and the milk. 
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The effects prodoeed vary confdderably, according 
weak or strong Tapoors are inspired. When two per 
cent, is inhaled the ordinary phenomena of auiesthesia 
occnr, while stronger \aponrs produce death by the 
direct action of the chloroform npon the tissaes. Dealing 
firstly with the physiological effects of dilute vaponrs, it is 
conTenient to divide the period of narcosis into five degrees. 
The last two degrees, however, require stronger vapours. 

In tliefirit degree — from commencement of inhalation to. 
the impairment of consciousness — fulness in the head, 
riuging, buzzing in the ears, palpitation of the heart, are 
sometimes felt ; there is also some diminution of common 
sensation. The respiration is hurried, especially when 
the patient is nervous. The circulation is accelerated 
and the pulse may be at first fuller, but soon grows 
weaker. The pupils are sensitive to light and are moder- 
ately dilated, and the ocular globes move. The patient 
will look at you and follow with his eyes. The senses are 
confused, but the patient often will obey when spoken to 

.dly. 
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In the second deyree the meutal powers are impaired 
altlioTigh not suspended. Tlie patient remains passive aa 
if sleeping, or occasionally makes a semi -voluntary move- 
ment. Sometimes laugliing, singing, talking, are in- 
dulged in. Snow believed that dreaming occurs at this 
time and then only. When more deeply narcotised the 
patient becomes restless, he attempts to remove the face- 
piece or inhaler, for he is conscious of being incon- 
venienced by the vapour but not of the necessity for 
remaining passive. Common sensation is much blunted, 
so that patients submit without expostulation to painful 
manipulation. This degree of narcosis is sufficient in 
parturition, and the after stage of prolonged opera- 
tions. As a rule, struggles or expressions of pain which 
show themselves at this time are not remembered sub- 
sequently. The respiration and circulation are both 
ijuickened, the former being rendered more shallow and 
at times interfered with by contractions of the skeletal 
muscles and of the diaphragm. Spasm of these muscles 
may occur, accentuating this canse of respiratory disturb- 
ance. The pulse, accelerated at first, towards the close 
of this degree drops to or below the normal rhythm and 
is weakened in force. The ocular globes remain mov- 
able, the hght reflex persists and the pupUs are dilated. 
Salivation and a desire to expectorate are commonly 
present. This degi'ee of narcosis is frequently profound 
enough for the performance 'of operations upon children, 
who even if they move shghtly are unaware of what 
is being done to them. It is, however, never wise 
to operate until the third degree of narcosis has been 
attained. 

In the third deyree all voluntary movements are lost and 
complete anfesthesia is present. The conjunctival vessels 
become full, the muscle.s rigid, and struggles, even epi- 
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leptiform eonvnlsions, may supervene. As the narcoBiB. 
becomes deeper the muscles relax, and inarticulate jabber- 
ing and mouthing ceaee. Although really insensitive to 
pain, the patient may in the early part of this degree 
wrinkle his forehead, flinch, or even cry ont. Later, re- 
flex acts are abolished, the conjunctival and nasal reced- 
ing late. The patella jerk perBietB for some time, while 
under deep anfesthesia the aukle joint phenomenon 
appears in some cases. 

Bectal reflex influence upon the respiration will oftea 
be present throughont this degree of an^Bthesia. The 
respiration and circulation settle down to the normal, or 
even grow distinctly weaker, and some pallor may be seen. 
The buccal muscleB ceasing to act, the cheeks are blown 
ont during expiration, the chin drops, through the weight 
of the tongue, aud interference with breathing may result 
from falling back of the tongue towards the laryngeal aper- 
ture. The ocular globes now become fixed, and although 
the light reaction persists the conjunctival reflex is com- 
pletely lost. The pupil contracts and remains smaller 
than normal. The lower lid no longer travels upwards 
to protect the globe as it does in the lighter degrees of 
narcosis wheu the upper lid is lifted. In rare cases the 
skin shows a slight rash like that seen in ether narcosis, 
but it rapidly disappears, leaving the skin cold and pale. 

!7[e fourth degree. — At tins period the patient is pro- 
foundly unconscious and in extreme danger ; the centres 
in the medulla oblongata are unduly narcotised and res- 
piration and circulation enfeebled. Such deep narcosis 
is seldom needed, save for the reduction of old-standing' 
dislocations, in deep dissections, and in the case of 
alcoholics ; and necessitates the use of a strong vapour. 

It is marked by corpse-like flaccidity of the muscles, 
pallid r.t bluish skin, deep stertorous breathing gradually 
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growing difBcalt, irregular, sliallow, and unduly diaphrag- 
matic, while the pulse is quick, comprcsBible, aud feeble, 
becoming almost imperceptible. The ocular globes are 
fixed, the pupils are widely dilated and no longer react to 
hght. This degree corresponds to increasing paresis of the 
centres in the floor of the fourth ventricle. 

The fifth degree is the interval which, following the 
fourth degree of narcosis, intervenes between the respira- 
tory embarrassment and total cessation of breathing. 
Even after dyspncea has been succeeded by cessation of 
respiration the heart may heat feebly for a brief time, the 
circulation growing more weak and the heart eventually 
stopping. In this degree the centres in the medulla 
oblongata are completely narcotised and no longer able to 
conduct or control the essential processes of life. Gradu- 
ally failing respiration culminating in its complete cessa- 
tion, followed by complete failure of the circulation with 
paralytic dOatation of the heart, wide dilatation of the 
pupils, extrusion of fteces and urine, mark this final 
degi-ee of narcosis. 

The phenomena described as occurring in the degrees 
of narcosis vary somewhat in different persons. lu the 
alcoholic, for example, the excitement is very marked 
and prolonged. These persons may remain restless, 
their muscles being rigid and movements occurring even 
when they appear to be completely under the influence 
of the amesthetic. Neurotic people also are prone to 
move and appear restless ; their respiration and circula- 
tion may be, and commonly are, adversely affected 
by reflex influences even when the usual signs of anffis- 
thesia are present. 

It may be convenient to consider more in detail the 
phenomena which appear as the patient passes through 
these degrees of narcosis. The divisions mentioned are 
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of coarse artificial, and merge insensibly one into another ; 
bat the physiological effects which, the inhttlation. of 
chloroform produces are continuous and vary directly as 
the strength of chloroform vapour which reaches the 

The effecU on blood circulation. — The arterial pressure 
at first rises, the rise is commonly slight, and is due. If we 
accept the experimental work of Gaskell and Shore, to au 
initial stimulation of the vaso-motor centres. This is 
followed at once by a gradual fall of blood pressure. 
Sehafer and Scharlieb, who have re- investigated tjie action 
of chloroform upon the heart and blood vessels, regard 
chloroform as a vaso-oonsti-ictor. The later fall of blood 
pressure, they believf, is due to progressive weakening of 
the heart muscle. The pulse of the patient is quickened 
as he commences to inhale aud shghtly increased in force, 
but it rapidly grows less full and may become markedly 
feeble. The fall in blood pressure is admitted by all com- 
petent authorities, but the interpretation of its cause is 
matter of dispute. McWiUiam has shown that ae soon as 
chloroform enters the blood, and its absorption by the pul- 
monary vessels is extremely rapid, it is conveyed through 
the coronary vessels to the heart muscle. This result is 
evideuced by weakening of the action of that organ as 
it graduaUy loses its contractihty and finally undergoes 
paralytic dilatation. The recent reseai'ch of Sherrington 
and Sowton has made it clear that even very small quanti- 
ties of chloroform act at once upon the heart muscle, but 
provided that the amount of the aniesthetic does not exceed 
a certain limit the muscle accommodates itself to tlie 
chloroform, and its force of beat, although lesecned, is not 
unduly diminished. When, however, the percentage dose is 
increased, and the limit is a narrow one, the heart muscle 
becomes paralysed and is irrecoverable, The weakening 
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of the cardiac coatractions iindoubtedly leads to a fall in 
tlie blood pressure, Ab a result the nervous oeutres, like 
the lieftrt imiscle itself, become deprived of tlieir proper 
blood supply and cease to maiotaiu the regulating 
meclianiBui of the blood circulation. Leonard Hill iu the 
course of bis valuable work on this subject has shown 
that when the central nervous system is deprived of its 
due supply of blood it is more readily affected by chloro- 
form, as indeed by all narcotic poisons, A percentage 
which will not prejudice the nervous centres of a person 
whose blood pressure is normal, will prove fatal when 
the blood pressure has undergone declension. And not 
only does this occur, hut as a result the tonus of tlie whole 
arterial system becomes damaged or destroyed, and the 
blood drains from the arteries into the veins. The force 
of gravity which in the physiological state assists tbo 
circulation now causes the blood to accumulate in the 
large veins of the abdomen (the abdominal pool of Hill) 
and the circulation comes to a standstill. The truth of 
these statements has been called in qucstiou by the 
meritorious work of the Second Hyderabad Commission 
duo to the splendid zeal and enthusiasm of Lieut. -Co). 
Lnwrie, but it must now be admitted that all physiologista 
are agreed upon the matter and claim that the tracings 
published by the Hyderabad Commission themselves 
demonstrate the gradual weakening of the heart under 
the influence of c]iloroform. The great value of the work 
done by tbo Hyderabad Commission undoubtedly is the 
abundant proof the experiments afford of the danger of 
obstructed respiration. Although primary heart failure 
probably does occur in any degree of chloroform narcosis- — 
hut this the Commission denies — -yet one of the commonest 
causes of death under chloroform is interference with re- 
spiration through overdosage and secondary failure of 
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circulation. Leonard Hill, liowever, haa indicated that 
altboDgh this reasoning ia apparently correct yet, as a 
matter of fact, the sequence of eventB is a vicious circle. 
The patient inhales an overdose of chloroform, an over- 
dose nsnally due to too high a concentration of the vapour, 
the blood pressure falls in spite of a possible initial rise 
dae to asphyxia, and the respiratory centi'e ceases to- 
enjoy its proper anpply of blood. Then comes respiratory 
embarrassment and ultimately fatal interference with 
circulation. 

The mechanism by which this " primary heart failure " 
occurs haa bean described by Leonard Hill and may be 
given in his words r — " Concentrated vapour of chloroform 
is presented to the respiratory orifice, the nerve endings 
of the sensory fibres of the vagus in the respiratory tract 
are powerfully excited. The animal struggles, the glottis 
is closed, and by the violent contraction of muscles the 
intra- thoracic pressure ia raised. , . . The effect of raising 
the intra- thoracic pressure is to diminish the output from 
the right heart, to congest the venous system and lower the 
arterial tension ; the lungs are also compressed and to a 
great extent emptied of blood. Blood supply to the 
coronary arteries is diminished ; this is due to the fall of 
arterial tension. The oxygen iu the blood is decreased 
owing to the prolonged holding of the breath. By these 
means the nutrition of the heart is impaired, Finally, 
owing to the excitation of the respiratory centres caused 
by the aaphyxial blood, the animal is forced to take two or 
three deep inspirations. The lungs are immediately sur- 
charged with chloroform vapour, and the blood reaohEB 
the coronary arteries carrying a dose of chloroform suffi- 
cient to throw the heart into paralytic dilatation." Syn 
cope occurring thus early in the inhalation appears to 
explain a 1" — imber of fatalities under chloroform 



■which have been recorded. It is usually reported that 
"the patient struggled, became euddeuly pale, the heart 
stopping, and after giving one or two gasps, died without 
showing any response to artificial respiration." As has 
been justly pointed out by Lawrie, such deaths ought 
never to occur if the administrator is watching the re- 
spiration and as soon as any holding of the breath occurs 
withdraws the chloroform until the breathing becomes 
natural. Sherrington has shown that provided the 
concentration has not been too great, recovery wUl 
take place, since blood pressure has not fallen too much 
and the heart muscle has not undergone the "paralytic 
dilatation " of McWilliam. The initial fault is, of 
course, using too concentrated a vapour, and what 
often happens is that one deep inspiration of the con- 
centrated vapour is taken, and this in many subjects 
suffering from a dilated or feeble heart may prove fatal. 
It cannot be too strongly inaiated upon that it is not so 
much the quantity of chloroform taken as the degree 
of concentration of the vapour inhaled, which leads to the 
fatal result. 

A further consideration with regard to primary syn- 
cope under chloroform is the danger of syncope due to 
fear. 

In the days when anieathetics were not commonly used, 
death before the operation was not unusual and was 
attributed to fear, A similar experience is at the present 
time to be met with during the use of local analgesia. 
The patients in many cases although suffering no pain, 
vomit and faint from the emotion of seeing and hearing 
the steps of the operations upon their bodies. Now, with 
respect to fear-syncope under chloroform, it might be 
supposed that the chloroform inhalation was merely a 
coincidence with the syncope, if it were not for the fact 
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that Huoli cases of fear-syncope are extremely rare, if 
they ever occur, uader ether. Probably, the depreBBaut 
action of the chloroform on the one hand, leading to 
weakening of Ihe heart beat with fall of blood pressuri-, 
auil the Btimulating effect of ether on tlie other with its 
iucrcaeed cardiac contractiou, make all the difference la 
the ultimate issue of the case. 

In the later degrees of chloroform narcosis syncope 
may arise from anotlier cause. With the diminufion 
of arterial tension and the progressive weakening of 
the respiration, due to the anemia of the medulla 
oblongata ariging from the falling blood pressure, the 
chloroform still enters the lungs and is conveyed to the cir- 
culation. There is no undue concentration of vapour in 
the ordinary sense, although the continuous inhalation of 
the vapour of the particular concentration leads to over- 
loading of the blood with chloroform, and to slow but pro- 
greesive fall in arterial tension. As the respiratory centre 
becomes aiifemic it is more readily paralysed by even a 
small quantity of the narcotic, and finally is unable to 
carry on its fnnctiona. When the respiration progressively 
fails, so does the circulatioD grow feebler and finally ceases. 
But this gradual syncope is, according to Hill, not the 
result either of respiratory failure or asphyxia. After 
respiratory failure, if the heart is still able to contract, 
as a rule, the patient can be restored when artificial respira^ 
tion is carried out. In the sudden failure of circulation 
arising from paralytic dilatation of the heart no resuscita- 
tive measures are of much avail. It may again be pointed 
out that even here watching the respiration, if thoroughly 
done, would safeguard the patient, especially i^ as should 
always be done, the degree of pallor of the lips be 
observed. Whether accumulation of chloroform can take 
place in the blood even when a comparatively dilute 
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vapour ia being inhaled, ie at present open to (jueetios, 
but it seems at least probable that accumulittiou in a cer- 
tain sense does occur. Veroon Harcourt'a ioveatigationa 
appear to prove that, diii'icg prolonged inhalation of chloro- 
form, the expired air at first contains more than half the 
amount of chloroform inspired ; later, a larger quantity is 
given off, and when the anieathetic is given in lower per- 
centage the expii'ed air may contain more than that 
inspired. It ia certain that the force of expiration 
gradually fails during prolonged chloroform inhalation, 
and BO if the expired air does not eliminate sufficient 
chloroform vapour a gradually deepening degree of nar- 
cosis must occur. This takes place so slowly that only 
the greatest care enahles the administrator during a pro- 
tracted operation to recognise the over-nai'cotiam. In the 
emphysematous, expiration being ineffectually performed, 
even from the first, there is an especial risk of this. 
And again during protracted operations, when bleeding is 
severe, the lessened quantity of the blood in the body will 
make a much smaller dose of chloroform sufficient to 
paralyse the medullary centres. Struggling playa an im- 
portant part in bringing about syncope under chloroform 
in the period corresponding to the first two degrees of 
narcosis. It increases the liability to an increased intake 
of chloroform and by causing fixation of the thorax in- 
creases the intra-thoracic pressure, and eo puts a severe 
strain upon the heart as well as interfering generally with 
the mechanism of circulation. Such interference must tell 
with especial force upon the cerebral circulation. The 
effect of posture also is one of primary importance upon 
the determination of syncope. As Hill has shown, when 
the vaso-motor system is rendered paralytic by chloroform 
the "stopcock action" of the capillary system coasea to 
work, and, as a result, the arteries at once empty 
o2 
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themBelvcB of blood. The force of gravity, when the I 
vaBO-motor Bystem ia intact, asBiBts circulation, otherwise J 
it favours the acoumuIatioD of the blood in the ■ 
I'ndet these circumstanceB, when the person is placed 
in the feet down posture the braia and medalla at 
once empty of blood and the medullary centres 1 
aniemic can no longer energise. Several deaths have 
occurred of persons who, during a recovery from pro- 
found narcoaia, either have been lifted or have risea I 
into the sitting poaition and have at once fainted and. J 

We know further that the vagus nerve mecliauiiim plays J 
an important part in the causation of death under chloro- | 
form. Embley, who has iuveBtigat«d the questior 
fataUties in the early degrees of narcosia, and SchSfer with , 
Scharlieb, who have studied the effects of chloroform upon ' 
the arteries and heart, come to conclusions which may be 
briefly summarised. The vaguH nerve mechanism when 
influenced by chloroform rapidly obtains an enhanced po%ver 
of inhibition over the heart. As we have shown, the 
an(csthetic by causing acute dilatation of the heart directly 
weakens it and brings about a fall of blood pressure. It 
is this dtclension of arterial tension which renders the 
heart less able to escape from the vagus control, and 
inhibition partial or complete ensues. With cessation of 
the heart's action the blood pressvire falls to zero and 
respiration stops. Embley has proved that this daogeroua i 
inhibition is liable to occur in the case of the lower I 
animals whenever the strength of the chloroform vapour 
in the air inspired rises above 2%. Whether, as has been. | 
suggested, the vagal action is exercised reflexly through, 
nerve endings in the nasal, laryngeal, or pulmonai-y ai'ewi 
is open to some question, although it seems probable, 
certain, bowevei', that the tlieory of such reflex mcchj 



CHLOROFORM. 197 

is insufficient to cover the whole grouttd. Fov when all 
reflexes are experimentally eliminated, vagal inhibitioD 
still occurs and is then due to the hyperactivity of the 
vagus nerve mechanism and is induced by the chloroform 
in the blood stream. This is a danger of the induction 
peiiod, and when that is safely Burmounted the vagus action 
ceases to make itself felt, its excitability being depressed. 
It ii! liable, however, to be raised again by increasing the 
strength of the vapour of chloroforni, or by asphyxia. 
The degree of readiness with which this cjin be done de- 
pends upon the duration of the administration and the 
endiirftucB of the vjigi. 

Respiratory Bystem.— As soon as the initial excite- 
ment has passed off the force of the respiratory movements 
is lessened. Expiration is more affected than iaspira- 
tiou, and the thoracic excursion is ohvionsly lessened as 
iulialation proceeds. What are the alterations in the 
gaseous exchanges during light and deep narcosis we 
have yet to learn, but that they become progressively less 
there is every reason to believe. 

To understand the mechanism of chloroform narcosis 
the following facts should be considered : — 

Chloroform vapour enters the blood until an equili- 
brium is established between the tensions of chloroform 
in the alveolar air of the lunge and that in the blood 
itself. So long as the tension in the air ia maintained 
et^ual to or above that in the blood, no chloroform can 
leave the latter through the agency of the pulmonary 
mucous membrane. Snow demonstrated this theoretical 
assertion by actual experiment, substantiating the truth 
of the (I priori statement, and eo he arrived at the 
following law :— " As the proportion of vapour in 
the air breathed is to the proportion that the air, or 
the space occupied by it, would contain if saturated at 
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the temperature of the blood, bo ib the proportion i 
vapour absorbed into the blood to the proportion tl 
blood would dissolve." 

The amount of vapour which can be taken np (held i 
suBpenaion) by the air of the atmosphere, varies with ' 
the elaetio tension of the chloroform vapour at different 
temperatures. Thus at 40° F, a small quantity of 
ebloroform would evaporate into air; at 130° F. so 
much would volatiUse as to give rise to an 
pure chloroform vapour. Snow's reBults, given below, were 
obtoinpd by less exact methods than are now possible. 
His facts and inferences have been substantiated to a | 
great extent by others, and by recent researches. 

One grain of chloroform in one hundred cubic ineheB I 
of air produces the second degree of narcosis, but never ' 
carries chloroformisation further. Ihis corresponds to 
a proportion of one part, by measure, of chloroform 
in 16,285 parts blood, or 0'0000614 the proportion by 
weight. Two grains in each hundred cubic inches of 
air, or -^ saturation (unity being saturation), ptodnces 
the fourth degree of narcosis, or 0'0001228 the proportion 
by weight. J 

Two grains or more in the hundred causes interfer- I 
ence with respiration, three grains in the hundred seems 1 
about the ratio which renders respiration impossible. 
Three grains represent 2'3 cubic inches vapour, and as 
air at 100° F. can take up 48'3 per cent, of its volume, 
the blood must contain from ^^ to xj of the proportion 
it is capable of absorbing when the respiratory centres 
are poisoned, 

The appended table (Snow) " shows at a glance the 
r|uantity of vapour, in 100 cubic inches of the saturated 
mixture of vapour and air, at different temperatures. 
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Snow foiind farther, that calculating the weight of the 
blood as thh-ty pounds, twelve minims of chloroform in 
the circulation produces narcosis of the second degree ; 
eighteen minims would induce the third degree (surgical 
auECstbesia) ; twenty-four deep narcosis (fourth degree); 
and thirty-sis paralysis of the medullary centres. In 
practice more is needed because a certain proportion 
evaporates from the tracheal and bronchial surfaces and 
is carried out in expiration. If twelve minims be 
evaporated into a bladder and inhaled to and fro, no 
more air being allowed than can be blown through the 
lungs, narcosis of the second degree actually results. 
Now, taking thirty-sis minims as a lethal dose, the follow- 
ing considerations, upon which Snow strongly insisted, 
explain how easily this quantity may enter the circulation 
if the administrator be not perpetually upon his guard 
against overdosage ; 18 minims represent the amount 
absorbed to produce surgical narcosis, this amount might 
be absorbed by the use of 36 minims, the remaining 
18 minims being exhaled as above mentioned. These 
86 minims represent 87-5 cubic inches of vapour, which 
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at GO" F. would require 257 cubic iuclies of air. Tlie 
HOO cubic inches thuB formed would be inspired in twelve 
respiratory acte (2S cubic inchen being the amount of 
tidal air). Now, if a vapour of this strength 
tiHuously inhaled, the residual and complemental 
would become saturated, and as about 250 cubic 
represents the air in the lungs, this amount would at 
CO" F. contain the vapour of 30 minims. Assuming only 
half this quantity to be absorbed, that is 15 minims, we 
Bhould then have 18 + 15 or 33 minima in the blood, an 
amount almost if not quite enough to paralyse the respira- 
tory centre. These points being held in remembrance 
will explain many eases of chloroform death, ascribed to 
"idiosyncrasy" or the "fatty heart" which stands inexpert 
chloroform is ts in such good stead. 

The lesson which these facta appear to the writer to 
emphasise is, that chloroform to be used with safety must 
be employed in low percentages. If we translate Snow's 
figures into percentagea we find that he and Paul Bert 
agree in fixing a two per cent, aa the strength of vapour 
which produces the third or anffisthetio degree of narcosis. 
Double this and we reach the quantity which kills, 
The problem is no doubt a complex one when chloroform 
is administered to a patient, but there is little doubt, if 
any, that there exists a very narrow margin of safety 
when we transcend the two per cent., and that unless we 
are prepared to run a considerable risk we must keep 
within this percentage. 

These considerations, which cannot be studied too 
carefully, point out the importance botli of avoiding an 
overdose of chloroform, and of maintaining a due ehmina- 
tion of the drug. The Hyderabad Commissions again 
and again urged the grave dangers which follow when 
asphyxia (by which is meant impediment to thorough air 



I 



CHLOROFORM. 201 

exchange in the lunge) is permitted to complicate chloro- 
form narcosis. Sucli asphyxia of course means impaired 
elimination, itself tantamount to accumulation of chloro- 
form in the blood. Broadly speaking, it is true to Bay 
that a dose of chloroform which is safe, provided due air 
exchange is ensured, rapidly grows daugerous when its 
elimination is interfered with. It is thus evidently a 
fallacy to urge that if only a small quantity of chloroform 
is given the patient is free from danger. The peril lies 
not in the quantity of chloroform inspired when breathing 
remains unimpeded, but in the strength of the vapour 
entering the lungs. In this sense breath holding and 
lowered blood pressure may, it has been alleged, be ac- 
cepted as safeguards, since on the one hand the intake 
of the vapour is stopped, and on the other the deporta- 
tion of the chloroformed blood is lessened. But, inasmuch 
aa the holding of tho breath is always followed by one or 
more vigorous inspirations, which convey large, often 
fatally large, quantities of chloroform to the medulla, while 
a lowered blood pressure and feebly acting heart depress 
the vitality of the tissues and render the medullary centres 
more prone to be poisoned and also increase the danger 
from vagal inhibition, these conditions are really fi-aught 
wilh grave danger to the chloroformed patient.'- 



The Admikisteation of Chloroform. 

Many methods have been proposed. They may be classed 
as (1) those requiring the use of some apparatus or inhaler 
and (2) those in which chloroform is given by dropping it 
upon ft towel, handkerohiet, lint, etc. In this second class 

tisiiiBB by tho inhalation o( chloroform will be (oond in " Physlologte rra<aux 



AN^STHE TICS. 



s plans ndtipted are commoiily grouped under the J 
heading of " The Open Method," although as will appear' J 
from the sequel, while some of the modes of procedure are 
trnly "opeD,"aoinB are not more "open" than when t 
use of an inhaler va adopted. 

I, Inhalers.— Among the first designed to supply a ^ 
di-'finite percentage vapour of chloroform were those of ' 
Snow," Clover, t Sansom, J Squire, and Junker, § all of . 
which, except the last, have passed into desuetude. Junker's i 
inhaler has, at the present time, tindei'gone many and I 
important modificatioDB. There is no doubt that the I 
principle which these instruments were constructed to carry J 
out, viz., the regulation in definite proportions of the J 
quantity of chloroform inhaled, ia the correct one 
method, indeed, which does not enable the administrator ' 
to adopt this principle is a safe or reliable one. The in- 
halera which supply more or less exactly a definite percentage 
of chloroform vapour to air are those devised by Dr. Eaphael 
Dubois, Mr. Vernon Harcourt, and Dr. Levy. || 



The Dubois Apfaratub.^ 

This apparatus delivers a definite percentage vapour to 1 
the patient, who is thus always breathing the same strength ( 
of chloroform vapour diflrused in air, The strength of the i 
vapour inhaled is independent of the force and frequency of i 
the respirations. The required percentage is easily adjusted 1 
to the requirements of the case. As the apparatus i 

I Medical Tima attd Oaiettt, Aug, P, 18SS. 
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heavy it is placed upon a firm table near the couch on 
which the patient lies. It consists of a container to 
which a definite quantity of chloroform is supplied, a spirit 
lamp evaporates the vapour, and this vapour is carried with 
a definite quantity of aii- through a tube to the face-piece. 
Theanaesthesiometerworksbyahandle.and this when turned 
initiates the mechanism by which the chloroform vapour 
and air are commingled and carried forward to the patient. 
By a simple device the strength of the vapour delivered can 
be varied. Thus when the patient has entered the third 
degree of narcosis the percentage of chloroform is decreased. 
If for any reason it Ls desired to produce a more profound 
ansesthesia the percentage is increased. Although Duboia' 
apparatus has been employed mainly in the phj'siological 
laboratory, it possesses great value as a clinical instrument 
and has been shown to give excellent results in varioii!i 
hospitals in which it has been tried. The type at present 
in use ia slightly modified from that originally designed, 
hut the principle remains the same. 



The Verkon Haecouet Regulator.* 

The Vernon Harcourt chloroform regulator is designed 
to enable the anieathetist to retain complete control of the 
strength of vapour which the patient inbales. 



Desceiption of tue Apparatus. 

The Harcourt Inhaler provides, in sufiic ent quant ty foj 
full and free respiration, a mixture of a r and hloroform 

MfljlWM; ■' Chloroform In Snrgical AnaistheBU ho -n n utt nhae 

TheappaiatQa 1b made by HoBSifl. GrllBn ^ Co., of k ug ^^ L nd o 
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which is automKticalty limited to 

2 per cent., and can be diluted at will with additional 

down to any smatler proport^ 

The two-necked bottle is filled with chloroform to near 
the top of the conical part, and two coloured glass beads 
are dropped into the liquid to 
indicate when the temperature 
ia within the range 16°— 18° C, 
If the temperature of the chloro- 
form is below 1 6° both the 
coloured beads will float ; if it is 
above 18° both will 
tiink ; in the former 
case the proportion 
of chloroform in- 
haled wUl be less 
than the pointer of 
the stopcock indi- 
cates ; in the latter 
case it will be 
greater. The pro- 
portion is also increased by any 
agitation of the bottle. During 
inhalation the chloroform it 
cooled by evaporation ; its tem- 
perature may be kept between 
16° and 18° by now and then 
holding the bottle in the hand 
till the blue bead has sunk and the red bead is begin- 
ning to sink. The dimensions of the bottle have been 
arrived at after a great deal of experimental work and 
careful analysis. The diameter of the upper portion has 
been proportioned to the average rate of human respiration 
and to the rate of evaporation of chloroform between 1S° 
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and 18° C.* To compensate for varying rates of recpiratioa 
the inlet and outlet of the bottle are placed n^r togetliei* 
and at some distance from tbe siirfiice of the liquid, while 
to compensate for the lowering of the liquid Bi;rfRce by 
evaporation the vessel widens as the surface of the chloro- 
form descends. The nearness of the two necks one to 
anothei-, and the distance between them and the surface of 
the chloroform, diminish the variation in the proportion 
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of inhaled air to chloroform vapotii- which is caused by 
abnormally shallow or deep brea,thing. When the flow of 
air is gentle, much of it passes in at one neck and out at 
the other without reaching the surface of the chloroform 
or displacing wholly the mixture of air and chloi'oform 
which occupies the upper half of the bottle. On the other 
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hand, the strong cmrent caused by deep breathing drivss 
out all the vapour which has been formed aud promotes 
further evaporation by stirring the surface oE the liquid. 
With bottles of the present dimensions this correction is 
onfy partial. If the rateof breathing is voluntarilyreduced 
to 3 litres a minute instead of the normal 4 or 5 litres, or 
raised t« 7 or 8 litres a minute, the proportion of chloro- 
form may be raised to about 2"5, or lowered to about 1'5 
per cent. It would not be difficult by lengtheoing the 
cylindrical part of the bottle to correct more completely for 
variations in the rate of breathing. But it ia believed to 
be advantageous that the proportion of chloroform should 
vary thus, in order that there should be leas variation in 
the total quantity of chloroform administered. Two ratios 
have to be considered in judging of the probable effect npon 
a patient, that of cliloroform vapour to air, and that of 
the mass of chloroform inhaled to the mass of the body 
through which it is distributed. 

The stopcock is so made that when the pointer ia at the 
end of the arc nearest the bottle of chloroform the maxi- 
inum quantity is being administered — namely, 2 per cent. 
When the pointer ia at the opposite end only air will be 
inhaled ; and when it ia midway dilution of the 2 per cent, 
mixture with an equal volume of air will make the propor- 
tion 1 per cent. The shorter Unes on either side indicate 
intermediate quantities — namely, 08, 0'6, 04, 0'2 per cent. ;. 
and towards the chloroform bottle, 1"3, I'i, 1'6, 1'8 per 

The valves on tbe two branches prevent the entrance 

into the apparatus of expired air, and also sei've to show 
whether the stopcock ia working rightly. Only one valve 
opens when the pointer is at either end of the scale, both 
equally when the pointer is midway, and for all other 
positiona one valve opena more and the other 
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degree indicated by the position of the pointer on the scale. 
The ronvement of these valves shows also how full and 
regular the breathing is, and the slight click which they 
make conveys this information to the ears when the eyes 
are otherwise occupied. 

It is generally found that beginning with the pointer at 
0-2 per cent., and moving it on towards the cliloi-oform 
bottle at the rate of one division about ei'ery half -minute 
up to 1"6 per cent, or 18 per cent., produc 
quickly as is deeirable. 

For the maintenance of narcosis it is 
believed that 1 per cent, or even less will 
be found sufficient. The stopcock can be 
moved hy a touch of the finger so as to 
increase or diminish the dose. 

If by fail of tempeiatiire, or agitation 
■of the bottle, the yield of chloroform is 
diminished, or increased, this may be 
allowed for at once by a movement of the 
stopcock. 

The face-piece, which is provided with 
an expiratory valve, and can he fixed in 
any position, is either attached directly to the inhaler, 
which in this case is held in the hand, and should be 
kept as nearly vertical and as steady as possible; or can 
be connected by about 20 inches of half-inch rubber 
tubing, the inhaler in this case being supported on a stand, 
-or attached to a fling passing round the neck of the 
administrator or to the back of the bed. 

The mask is made of solid toughened rubber, fitted with 
a rubber air-cushion. It can be washed, or boiled, and as 
it becomes plastic in hot water the shape can easily be 
modified, if required, so as better to fit the patient's face. 

Certain ca.sea may occur in which a stronger dose b 
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required than that affot'ded by the appiiratiis as above 
described. For increasing the strength of the vapour ] 
inhaled a small tube is provided whiuh fits into the open i 
neck of the bottle, I'aieiug the possible maximum dose to. | 
25 or 3 per cent. To obtain a 3'5 per cent, 
mixture the larger end of the tube, tnarked 
3'5, must be inserted in the bottle, and for 
3 pep cent, the smaller end, while the pointer- 
is kept at the end of the scale nearest the I 
chloi'oform. At intermediate positions of ths 1 
'' pointer the dose will be increased in the samo J 
proportion as the maximum. 
No chloroform evapoi-ates excepting that which 
inhaled by the patient ; and only that whicii is exhaled | 
passes into the air of the room. 

Use of the inhaler.— The apparatus must be I 
carefully examined to see the parts ai-e adjusted, and th© ] 
administrator should inhale, or incline the instrument side- 
ways, to see that the valves are working properly. About « 
2 oz. of chloroform should be poured iato the conical 
bottle and the beads introduced. The face mask should " 
then be carefully applied. This is best done when the head 
is turned to one side. Breathing taking place fi-eely and 
the air inlet valve and expiry valve working properly, the J 
inhaler should be grasped at the hoiizontal cross-piece with f 
the right hand, while the lower jaw is pi'essed forward by I 
the left hand placed behind its angle. Firm pressni 
is neCMsary, as absolute co-adaptation of the mask to 
the patient's face is essential. If the pressure used is 
equal over the whole area of the face the patient i 
not complain. It is a common fault to allow air to en 
by the sides of the bridge of the nose. Absolute fitting of 
the face-pieee having been secured, the strength of the 
vapour may be gradually inci-eased by turning the pointer 
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required than that afforded by tiie apparatus as above 
described. Tor increasing the strength of the vapour ' 
inhaled a Email tube is provided which fits into the open 
neck of the bottle, i-aising the possible maximum dose to 
2'5 or 3 per cent. To obtain a 2"5 per cent, 
mixture the larger end of the tube, marked 
2'5, must be inserted in the bottle, and for 
3 per cent, the wmaller end, while the pointer 
m kept at the end of the scale nearest the 
Fio. 39. chloroform. At intermediate positions of the 
^lagl tnbe!' P"i"ter the dose will be increased in the same | 
proportion as the maximum. 
No chloroform evaporates excepting that which is 1 
inhaled by the patient ; and only that which is exhaled 
passes into the air of the room. 

Use of the inhaler.— The apparatus must be 
carefully examined to see the parts are adjusted, and the 
administrator Khould inhale, or incline the instrument side- 
ways, to see that the valves are working properly. About 
3 oz. of chloroform should be poured into the conical 
bottle and the beads introduced. The face mask should 
then be carefully applied. This is best done when the bead 
is turned to one side. Breathing taking place freely and 
the air inlet valve and expiry valve working properly, the 
inhaler should be grasped at the horizontal erosa-piece with 
the right hand, while the lower jaw is pressed forward b 
the left hand placed behind its angle, 
is necessary, as absolute co -adaptation 
the patient's face is essentia). If the 
equal over the whole ai-ea of the face tfa| 
not complain. It is a common f.iult t 
by the sides of the bridge of the r 
the face-piece having been seciv 
vapour may be gradually iiiurf 
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required than that afforded by the appiiratiis as above 

describsd. For increasing the strength of the vapour 

inhaled a small tube is provided which fits into the open 

nock of the bottle, liaising the possible maximum dose to 

25 or 3 per cent. To obtain a 2'5 per cent. 

mixture the larger end of the tube, taarked 

2'5, must be inserted in the bottle, and for 

3 per cent, the smaller end, while the pointer 

is kept at the end of the scale nearest the 

Fio. S9. chloroform. At intermediate positions of the 

^"°™°^^'^' pointer the dose will be inci-eased in the same 

proportion as the maximum. 

No chloroform evaporates excepting that which is 

inhaled by the patient ; and only that which is exhaled 

passes into the air of the room. 

Use of the InhaleP. — The apparatus mnst b& 
carefully examined to see the parts are adjusted, and the 
administrator should inhale, or inchne the instrument side- 
ways, to see that the valves are working properly. About 
'i oz. of chloroform should be poured into the conical 
bottle and the beads introduced. The face mask should 
then be carefully applieii. This is best done when the head 
is turned to one side. Breathing taking place freely and 
the air iniot valve and expiry valve working properly, the 
inhaler should be grasped at the horizontal cross-piece with 
the right hand, while the lower jaw ia pressed forward by 
the left hand placed behind its angle. Firm pressure 
i absolute co-adaptation of the mask to 



the patient's face \& essential. If the ] 






I of the face the patient will 
n fault to allow air to enter 
Absolute fitting of 
the face-piece having been secui-ed, the strength of the 
■ may be gradually inci-eased by turning the pointer. 
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Thia is done slowly, but, unless the patient is i-estless and 
struggles, not very slowly. Struggling is an indication 
for lessening the strength of the vapoui', but not for the 
removal of the face-piece unless duskiness supervenes. 
When ansesthesia is attained, the usual signs being relied 
upon, its maintenance can be effected in most cases with 
1-5, 1, or even 5 per cent., according to the physique of 
the patient and the requirements of the operation. After 
piolouged administration slight duskiness may appear, and 
in this case the apparatus may be lifted for a few breaths 
and then replaced. 

A few points remain to be noted. I have found it 
convenient for the horiiiontal portion of the inhaler, o 
netting the vertical from the face-piece to the vertical 
from the inhaler, to be made double the length shown 
in the drawing. And, further, to place the expiry valvt 
.it the distal end of the vertical from the mask, instead 
of on the face-piece. By thia means it \s possible to keep 
the inhaler out of the field of operation and to maintain a 
firmer grasp of the mask, without interfering with the 
expiry valve. It has been pointed out that shaking of the 
chloroform bottle and variations in the rate and force of 
breathing alter to an appreciable extent the actual amount 
of chloroform inhaled. The shaking of the bottle need 
never occur, especially if the inhaler is removed from the 
patient's face while he is lifted on to the operating table, 
or when hia posture has to be changed during the operation. 
The variations in the rhythm of respiration occur during 
the period of induction, and in practice give rise to 
diSiciiIty. In using this, as in the case of any inhaler, the 
anajsthetist must of course be guided by the usual signs 
chloroform nareosis, and when it is too profound the in 
cator should be turned to 1 par cent, or whatever strength of 
vapour seems desirable. It cannot be too strongly insisted 
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upon that the Vernon Harcourt Eegulator is only a means to 
an end. It supplies a fairly accurate method o£ regulating 
the percentage of chloroform presented to the patient, but 
it does not, nor can any inhaler, abrogate the necessity for a 
competent knowledge of the action of chloroform on the 
human subject and experience in administering that 
amesthetic. The apparatus need not, and must not, detach 
the ekloroformisfs attention from his patient's condition; 
it merely enables bim to increase or decrease the dose of 
chloroform as may be necessary. Observation of the patient's 
condition will indicate when the necessity arises. In using 
the inhaler, care should be taken that there is accurate 
apposition of the mask to the face, otherwise the vapoui' 
supplied will be below the necessary 2 per cent, and failure 
may result. A piece of wet lint will in some eases assist in 
securing air exclusion. This is laid over the chin and 
folded up in the hand, holding the mask in such a way as 
to prevent air being sucked in around the air-pad. The 
air-pad should always be well inflated before use. It is 
also necessary to see that the valves are acting and the 
expiry val?e is not covered up. The inspiry valves should 
be in a horizontal plane, and the whole apparatus placed 
out of the reach of the operator or his assistants. 

It ia sometimes convenient to suspend the body of the 
apparatus so that it is placed in front of the aniesthetist 
and fastened to a strap or bandage looped round his neck. 
in this caBe the centre portion or airway is to be con- 
nected with the arm attached to the face-piece by means 
of a long piece of tubing. The bore of the tubing miiat 
eijual that of the lumen of the metal tubes. Steadiness 
may be obtained by fixing the body of the apparatus in a 
stand which is placed on a table or fixed to the operating 
table, and connecting it as above by means of tubing with 
the face- piece. 
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Speakiag from an experience of three years and some 
thousands of cases, many of the gravest character, I may 
say I have found the inhaler fulfils all the purposes for 
which it was constructed. It supplies a 2 per cent, 
vapour or a little more, and this, in praotically all cases, 
produces proEound narcosis. It is easy to manage, and 
when once learned will prove reliahle and satisfactory. 
There have been no dangerous symptoms due to the 
.luajsthetic in the cases in which I have used the inhaler, 
and no failures. It has been increasingly rare for me to 
have to employ any percentage higher than that affonled 
by the inhaler ; and even in the few instances in whiih T 
have replaced the inhaler by another, the necessity has 
usually arisen fi-om the difficulty experienced in making 
the face-piece fit accurately. 



Dr. Levy's IIequlatikg Inhaler.* 

This, like the Vernon Harcourt regulator, is devised 
upon the " draw over " principle, but differs in several 
particulars, which may be summarised as follows ; 

(i) The range of the available strength of vapour extends 
up to i per cent. 

(ii) The principle of the water bath is applied to the 
regulation of the temperature of the chloroform, which 
therefoi-e requii'es no active attention. 

(iii) It is designed for use only when fixed to a table or 
other support, in order to obviate the possibility of any 
error arising from accidental agitation of the chloroform. 

(iv) The percentages of vapour are accurately controlled 
even under the diverse conditions of draught consequent 
upon different types of breathing. A difficulty occurs 
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under ordinary conditions of aspiration over a surface of 
chloroform, in that a alow curi-ent of air, such as would 
I'Bsult from a faint inspiration, takes up a larger proportion 
of vapour than does that resulting from breathing of a 
more vigorous type. An adjustment ia brought about in 
this instmmoot by applying a two-fold principle. Firstly, 
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fractions of inspirations exhibit relatively less change of 
composition for varied inspirations than woiild he the case 
if the whole of the inspired air passed over the chlorofonn. 
The complenieDt of pure air is drawn through a large 
aperture which is pennanently open, and in this way the 
percentages of vapour in the mixture are approximated. 
Secondly, the " chloroform current " traverses a series of 
tubes and passages, and in consequence undergoes a certain 
retardation which tends to be more pronounced during 
weak suction ; the influx of piire air through a simple 
aperture not being retarded to the same extent, it follows 
that the dilution becomes greater during faint inspirations. 
This supplementary process supplies the finishing touch, 
which renders the percentages practically identical for all 
forces of suction commonly found under chloroform 



The body of the inhaler consists largely of a vessel which. 
is filled with water at a temperature of 10i° F., and the 
chloroform container forms a part of the cover of this 
vessel ; the supply of air to the chloroform is controlled by 
a tap which is manipulated by an index hand, and the 
position of this indicates on a scale plate the percentage 
being delivered, a simple form of correction being applied 
for any temperature of water between 104° — 52° F. A 
length of wide-boi'e aluminium tubing and a double 
junction serve to connect the body with the face-piece. 
Two hinged aluminium valves, inspiratory and expiratory, 
complete the apparatiis, which has generally been con- 
structed with a view of presenting the least possible 
resistance to the passage of the inspired air. 

Mr. Ifobday, F.R.C.V.S., has introduced a very useful 
chloroform inhaler for veterinary purposes. It is con- 
structed upon the " draw over " principle, the patient 
aspii'ating chloroform vapour with the inspii-ed air. 
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doea not, howsver, supply a definite percentage vapour. In 
spite of this it is much safer than the usual means adopted 
for anecsthetising the lower animals. 

II. The inhalers constructed upon the principle of 
propelling air through chloroform, and so presenting a 
vapour to the patient which he aspires, are best represented 
by Dubois' anoBsthetic machine and Junker's inhaler. The 
former supplies definite percentages, and is more adapted 
for hospital practice.* Junker's inhaler is portable, but is 
only approximately accurate as a means of giving definite 
ind its use is not free fi-om dan 



JcNKER'e Chloroform Inhaler. 

This inhSilOP has been modified by many persona. It 
was designed for use with " methylene," but now, as that 
agent is seldom employed, the apparatus is used for the 
exhibition of chloroform. 

It consists of a glass bottle fitted with a metal mount 
on which is screwed a metal cap, and to this are attached 
two tubes, one for ingress of air, one for egress of chloro- 
form vapour and air ; a Richardson's hand ball-bellows 
and a vulcanite face-piece with tubes which connect the 
bottle with the bellows and face-piece. Half an ounce of 
eliloroform is placed in the bottle, and the top screwed 
on. To the ingress hole is attached a long metal tube 
extending from the metal cap to below the level of the 
chloroform, so that when the ball-bellowa is compressed, 
air pasties down this tube and ascends through the chloro- 
form taking up vapour. Finally the vapour esoapea by 
the egress tube into the vulcanite face-piece from which 
the patient inhales. 
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In 1117 original modification of this apparatus, an ounce ^^| 
of chloi-oform is poui-ed into a bottle * through a funnel- ^^| 
shaped opening fixed in a screw top, A foot bellows can ^H 
be fixed by straps, one of which slips over the toes, while ^^| 
the other receives the heel in the long loop. When the ^^| 
foot presses lightly, the air in the bellows is forced through 
the tube into the bottle, thence through another tube to a 
face-piece. The net-enclosed ball is for equalising the 
stream of air and the avoidance of splashing. It is im- 
portant not to put more than an ounce in the bottle at 
once, unless a large bottle is employed, and not to pump in 
air spasmodically or too forcibly, otherwise chloroform n 
be driven through the 
system of tubes into the 

I face-piece. Even if thi-. 

should not happen, a 
strong blast of chloro 
form-impregnated air is 
very unpleasant and 
deleterious if allowed to 

impinge upon tlie f,ce ^^^ ,„. , .'T,?, u„ ii„„., 

The longer tube in the 

bottle along which the entering an comes (afferent tube) 
should have its lower extremity tipped with some non 
conductor of heat, such aa wood or bone, to prevent freez 
ing and blocking of the tube and the exit tube (effeient 
tube) should be so constructed that in no position of the 
apparatus can hquid chloroform enter it. When the bottle 
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iper which ^^| 
rni ndded ; ^^| 



has became nearly empty, the mill-headed stopper 
closes the funnel is removed and more chloroform 
thua the apparatus need never be unhooked from the ad- 
ministrator's coat, and the top never unscrewed until the 
administration ia over, when the bottle shoLild be emptied 
and cleaned. 

In fig. i3 ia shown the appai'atus I have now employed 




for some years, and which I have found to 6 
than any of the older patterns. It conaista of a somewhat 
larger Junker's bottle than usually supplied. The Skinner's 
mask ia replaced by a glass face-piece (fig. 41), to which is 
fixed a metal rim carrying the air supply tube, and thia 
delivers into a perforated tube running from back to frant 
' '-hB metal frame. There is a hinged rim which can be 
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raiaed to allow a piece of lint or domett being placed over 
the opening on the upper aspect of the mask. When this 
rim is shut down it locks itself and keeps the lint in position. 
This apparatus can be rendered sterile by boiling. The 
danger which existed in the older forms of the apparatus 
of liquid chloroform entering the efferent tube and so 
passing into 
the face -piece, 
can be avoided 
b y bringing 
down the effer- 
ent tube aH an 
ensheathing 
tube over the 
afferent tube. 
This will pre- 
vent chloro- 
form entering 
the tubes, even 
if the bottle is 
inverted or laid 
upon its aide. 
There must be 
at least an inch 
interval be- 
tween the sur- 
face of the 
chloroform and 
the opening of 

the efferent tube, to avoid the possibility of fluid being 
forced or aspirated along the efferent tube. The bottle 
shown in the figure, although graduated for two ounces 
should never contain more than one ounce, otherwise the 
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requisite interval between the chloroform and thi 
elieathing tube is not maintained. 

The bottle figured above is one devised by Mr. Carter 
Braine to obviate the danger of liquid chloroform entering 
the efferent tube (fig. 43). 

There is also a danger if the india-rubber tubing from the 
bellows, and that to the face-piece, the afferent and effer- 
ent tubes respectively, are attached to the wrong tubes 
on the bottle, lest chloroform be pumped out of the bottle 
along the efferent tube to the face-piece. This is more 
perilous when a mouth or nasal tube is in use. Dr 
Hewitt has suggested to remedy this danger by the use 
of eneheathing tubes and an arrangement upon the 
bottle of such a nature that each tube will only fit 
its appropriate connection, Several deaths have resulted 
during the use of the older form of apparatus from 
chloroform being injected info the patient's larynx 
through the nasal tube. This nasal tube — a flexible 
lube like a catheter — may be replaced by a metal mouth 
tube shown in fig. 44, C. The apparatus should always be 
tested be/ore tise to ensiii-e the proper arrangement of the 
tubes. 

When chloroform is administered for operations about' 
the mouth or nose, e.g., removal of an upper jaw, the 
tongue, etc., the antesthesia, having been obtained by J 
chloroform, is best maintained by fitting the efferent 
tube of a Junker's inhaler {i.e., the tube not connected 
with the bellows) over a catheter, and, either ] 
the catheter through the nostril so that the end hangs 
down behind the soft palate and permits the vapour to 
enter the larynx, or else holding the catheter in the 
mouth. When a preliminary tracheotomy has to be 
done and a Trendelenburg's or Hahn's tube is used, the 
may l)e held over the eiternal opening of the 
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tube, and chloroform vapour 
trachea. 

Another plan is t-o eoimect tbe tube with the gag 
(Hewitt) and pump tbe vapour into tbe mouth. 

Junker's inhaler has been modified fay Messrs. Krohne 
and Sesemann, the original makers (fig. 44), The 
bottle and tube remain the same, but in tbe latter a 
obstruction is made between the foot or hand bellows 
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and the bottle, by which means the intermittent jerky 
delivery ot vapour is ahanged to a continiious supply. 
The face-piece is replaced by a Skinner's mask (see 
fig, 45) BO constructed that tbe chloroform vapour escapes 
by a series of holes in the midrib of tbe frame. The 
frame is covei-ed by a removable llannel cap. By this 
contrivance the face-piece is pervaded with vapour instead 
of a puff of cliloroform being intermittently propcSled 
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against the face, as in the old apparatus The advantages 
of the flannel cap are {1} its permitting fiee breathing 
through its substance, {11) the patient obtamt a. free tir 
-upply, and furthet, the administrator can, bj placing his 
hind ovei the mast, feel whether or not a sufficient blast 
ijf flir IS being espiied It la cleanly as it can be removed 
easily and washed 

The feather seen m hg ii at E ih intended as a guide 

to the admiuistratot, its movementa being a ^egl^ter of 

the expiiationa and inspirations of the patient 1 think 

it IS not wibe to tinst to any 

mechanicul te^t of respn a 

tion, bowever ingenious , I 

therefoie prefer to use either 

the glass mask or flannel 

cip Ml Krohne has furthei 

eKboiated the apparatus so 

aa to permit great dilution of 

the vapour Thus with the 

most recent pattern of the in 

haler TIJ, 4^ cin be giien and 

the dose gradually increaiied 

k ohneaJnDkE^inhiJor This is eSected in tbe follow 

mg way The allerent or air 

tube, instead of being pioTided with one tompression and 

one resistance ball as m Eichaidsons bellows, bas three 

mdia 1 nbber balls ot different sizes placed at the hand 

end of the tube These aie made of &uch cipacity that 

known quantities of au are piopelled into the chlorofoi in 

bottle, according _aB the Itrge, medium or smiU ball is 

squeeied in the hand. This contrivance is of course only 

approximately accurate. The actual amount of chloroform 

taken up by the air which traverses the chloroform bottle 

I by tbe depth of the chloroform in the 
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bottle, the rate of compression, iviid the temperature of the 

Methods, when a dosimetpic apparatus 

is not used. — Many persons prefer to rely upon 
aimpler metbods in giving chlovoform. The obvious dis- 
advantage of such plans is that even the most expert 
«anuot tell what percentage oE chloroform the patient is 
taking, and must rely solely upon the effects of the ames- 
thetic on the patient as observed by him. Thus, although 
the expert chloroform ist may employ such a method without 
grave riek, one less experienced is liable to give too much or 
too little of the antesthetic, being at times either unob- 
servant, or unable to understand the meaning of such 
changes in the patient's condition as he may notice. 

The usual methods employed may he described briefly as 
the " Scotch," the Hyderabad {which is a convenient adapta- 
tion of the first-named and especially useful in hot climates), 
and the plan of dropping chloroform from a drop bottle 
upon a mask or improvised face-piece. 

The Scotch method was described by Simpson in the 
following words : — 

" When used for surgical pm-poses, porhajjs it will be 
most easily given upon an handkerchief, gathered up into 
a cuplike form in the hand of the exhibitor, and the open 
end of the cup placed over the nose and mouth of tho 
patient. For the first inspiration or two, it should be held 
at the distance of half an inch or so from the face, and 
then more and more closely applied to it. To ensure a 
i-apid and perfect anfcsthetic effect — moi'6 especially when 
the operation is to he severe — one or two teaspoonfula of 
the chloroform should he at once placed upon the hollow of 
the handkerchief and immediately held to the face of the 
patient. Generally a snoring sle^p speedily supervenes; and 
when it does so, it is a perfect test of the superinduction 
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ol' complete insensibility. But a patient may 
anasathetic without this symptom supervening." 

Lord Lister thus describes the Scotch method :— 
common towel is arranged ko as to form a square of sis 
folds, and enough chloroform is jwured upon it to wet an 
area the size of a hand's palm, the precise quantity poured 
on not being a matter of any consequence. The patient 
is instructed to close his eyes to protect them from the 
iriitaticg vapour, and the towel iu then held as near to the 
face as can be borne without inconvenience. More chloro- 
form is added from timo to time as occasion requires. 
Lord Lister suggests the following simple way of devising 




a chloroform mask : — The corner of a towel pursed up 
systematically into a concave mask to cover the mouth and 
nose, by pinching it together at such a distance from the 
corner that, when the pinched-up part is held over the root 
of the nose, the corner extends freely to the point of the 
chin. "The cap formed in this manner being so arranged 
upon the face, chloroform is gradually dropped upon it tiD 
the greater part of it is soaked, the edges iieing left .dry to 
avoid irritation of the skin by the liquid, and the moist 
condition is maintained by frequent dropping on the convex 
surface until the requisite physiological effects are pi oduced." 
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The method id which a drop bottle is employed requires 
either the use of an extemporised inhaler, such as that 
suggested by Lord Lister, or of a mask. Those described 
below are the best known. 

Msisks.— The Skinner's ma.ak figured above (fig. 46) 
is the most usual form. It consists of a wire frame on 
which is stretched flannel, domett, or lint. The chloroform 
is allowed to fall guUatim upon the upper surface. 

An excellent form of mask is due to Schimmelbusch. 
It consists of a metal frame on which are fixed two bent 
aemi-circlea at right angles. These fit into the frame when 




not in use, but when used, open out and foi'm a cup over 
which is stretched a piece oE lint kept in position by the 
hinged rim, which is attached to the frame. It is used 
with a drop bottle, or chloroform uprinklod over it. 

The Hyderabad tone, as devised by Dr. Lawrie (fig. 48), 
in essentially a calico mask with some cotton wool in its 
apex and its sides strengthened by thin strips of wood. 
Into this two drachms of chloroform are poured, and the 
mask held a little way from the face until the patient is 
accustomed to the vapour, and his nervousness has passed 
away, The mask is then brought gradually nearer to the 
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face. Chloroform is poured on from time to time as 
i^eijuired. To do this the cone is inverted and a 
of chioroform poured into it. The breathing must be most 
carefully watched, and if any interference with ita rhythm 
occurs the mask must be at once removed, and when the 
breathing resumes its natural character the cone be again 
gradually brought into position. Oare must be taken that 
chloroform is not dropped on the skin of the face, or into 

The administration.— Whatever method is em- 



jiloyed the same result is aimed n,t and the rules guiding 
the adrnmifttrator, aa well as the phenomena shown by the 
patient during inhalation, aie 'lO essentially similar that 
it is proposed to consider the course of narcosis under 
chloroform in g6nera.l only noting such special points as 
may need furthei eluciiation 

The patient should be carefully piepared for this is 
perhaps even more important in the cabe of chloroform 
than in that of any othei intesthetic Vomiting nearly 
always OLCius duiing the induction of ana-athesia when 
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the stomach contains food, and when the bowels have not 
been properly regulated. Associated with it are lowering 
of the blood pressure and increased liability to syncope. 

Posture. — The patient must be placed recumbent, 
with all his clothing absolutely loose. The sitting posture 
I by Suow to be a safe one for chloroform 
view of our preisent knowledge it se 
highly important that, even for short operations, 
chloroformist should insist upon the recumbent posture. 
Whenever the exigencies of the operation permit, the head 
should be placed at a lower level than the abdomen, 
the first degree of oarcosia the head may be allowed to 
be somewhat higher, as most persons, more especially tbe 
stout, feel uncomfortable and may hud breathing difficult 
if the head is very low. The pillows must be so arranged 
that the head is slightly extended upon the trunk, never 
fiexed with the chin resting upon the breast. Over- 
extension tends to cause dropping of the chin with falling 
back of the tongue, while estreme flexion interferes with 
natural respiration. When the second degree of narc 
is reached, the head should be lowered and the face turned 
to the side. 

The Inhalation. — The patient, having been re- 
assured by a few words and directed how to breathe, 
begins to inhale. In whatever manner the chloroform is 
given, whether from an inhaler, or from a Skinner's or 
other mask with a drop bottle, or by the open method, the 
greatest care must be taken to give a very dilute vaf. 
at the commencement of the administration. Coughing, 
holding the breath, struggling, nearly always arise from 
too strong a vapour being presented to the patient. Soon 
the strength of the vapour can be increased. The patient 
becomes restless, talks nonsense, tries to move. The pupils 
gradually dilate but the eyeballs roll from side to side. 
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As the stage of excitement becomes more pi'unuuaced the 
breathing must be carefully watched. The amount of 
excitement shown varies, not only with the individual 
patient, the strong and muscular evincing moat, but also 
with the method employed. With dilute vapours, for 
example, when the Vernon Harcourt regulator ia used, the 
excitement stage is usually vei-y brief and ill-defined or 
absent. Even when no previously known obstruction 
exists, such as nasal stenosis, buccal growths, enlarged 
tonsils, pharyngeal or laryngeal tumours, interference with 
respiration during inhalation may occur from epasm of 
the uiassebers, closiii'e of the lips, laryngeal spasm (see 
Oomplicationa), epistaxis, vomiting, falling back of the 
tongue, or fixation of the chest by muscular spasm. If 
the obstruction ia in the upper air-passagea, opening the 
mouth with a gag or separation of the lips with the 
finger will usually enable the patient to take one oi' two 
inspirations, which will probably tide him over the period 
in which muscular spasm exists. The mouth and upper 
pharynx must, of courKe, be examined \vith the finger, if 
there is any reason to expect the presence of foreign bodies 
in the buccal cavity. In ojiening the mouth take care, 
if spasm exists, not to break or displace loose teeth, 
especially while using Heister's mouth opener. As a rule 
the finger inserted behind the teeth will force open the jaws 
sufficiently for the insertion of a wedge or gag. In the stage 
of excitement the chloroform should be pushed, provided 
I'Ospiration is unimpeded and regular, but, an throughout 
the inhalntion of chloroform, interference with breathing 
must be met by withdrawing the chlorofoim until the 
breathing is again normal. The escitement passing off, 
rigidityof the muscles mayperaistforashort time, although 
the loss of lid reflex and fixation of the eyeball with a 
contracted i)upil evidence the passage into the third degree, 
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OP true amesthetic stage. Thia muscular rigidity eventually 
passes off ; some muscles, however, ^.g,, the recti abdominis, 
often remain rigid for a, eonsiderahle time, especially if any 
excessive deprivation of air has been allowed during the 
induction. The breathing is now regular, sometimes a soft 
snoring is heard, but no noisy stertor should exist. Its 
presence is evidence of obstructed breathing and its cause 
should Ije sought and removed. The administrator shonid 
notice whether expiration is fully performed and whether 
there is any duskiness about the face or ears. CyRnOSiSj 

however sligrtat, is to be avoided; it is 

caused by excessive quantities of chloroform and faQing 
respiration. As soon as the patient is in the true ansesthetic 
stage the amount of cliloroform mueb be lessened and only 
so much be given as is required to maintain anaesthesia. 
Young children often appear to have passed into this degree 
of narcosis when merely asleep, but if the progress of the 
case has been carefully observed, no mistake need be made. 
A watch kept on the respiration, the colour of the patient, 
and the condition of the pupils ami eyeballs will 
enable the administrator to keep his patient amesthetic, 
without deepening the degree of narcosis. During the 
induction the eyeballs move ; the pupils i-eact to light and 
gradually dilate. During the stage of excitement the dilata- 
tion becomes more marked. In the stage of true anieatheaia 
the eyeballs are fixed, and the pupils gradnally contract, 
but remain sensitive lo light; the lid reflex disappears. 
In the fourth degree the eyeballs are rigidly fixed, slightly 
rotated upwards, the pupils dilate and are insensitive to 
light. This dilatation reaches its acme as death occurs in 
the fifth degree of narcosis. The early signs of PetUPn- 
ing; COnSGiOUSneSS are, moving eyeballs with 
dilating pupils, return of the lid reliex, and, if vomiting is 
about to occur, the patient swallows air, grows pale, and 
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respiration becomes weak. On the other baud, tha a 

of deepeningf narcosis are duisidDesB < 

dilatiQg piipUs with a fixed eyeh.il I, Saccidity of 
musclea, weakened respiration, and soft Feeble pulse. 

The pulse, althongh a valuable sign of the gener 
condition of the patient, is no guide by itself of the 
degree ot narcosis. In cases in which much ahock .and 
hseraoirhage are present, the narcosis will rapidly deepen, 
even although no inci-ea.Ji'd supply of chloroform is being 
given. This arises fi'Oni the fact that the nervous system 
when drained of blood is more readily narcotised. 

The degree of narcosis must be deepened or the reverse, 
according to the strength of the patient and the nature of 
the operation. Incomplete and inadequate degrees of 
anesthesia are in themselves a source of danger, and when 
a, patient is very lightly under chloroform there is always 
a ri^k lest the administrator should maintain a seesaw 
lietween excessively slight and unduly deep narcosis. 
Irregularbreathing,anda tendency to strain, cough, or vomit 
commonly appear under these circumstances, and the 
administrator is tempted to obviate such inconveniences bj- 
su'Ideiily presenting a greatly enhanced strength of chloro- 
form vapour. This, under such circumstances, is tolerably 
certain to lead to overdosage and danger. A full and 
contiauoiis nntestheeia should be aimed at, and to effect 
tbia it must he borne in mind that the intake of the 
anse-ithetic should be equal to the amount exhaled by the 
patient. During the early part of the induction 
cblorofonn enters than is expelled by expiration. In tnift f 
anaesthesia about the same amount enters as is given ofi^ ,1 
and as soon as the percentage strength is lessened the I 
quantity expired will exceed that inspired. This should I 
occur steadily as the anresthesia is maintained, since veiy 1 
'<B3 chloroform, or rather a much lower percentage of [ 
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chloroform vapour, is needed to prolong antesthesia tlian is 
necessary to establish it. While undue haste is alwayM 
dangerous, excessive slowness in the induction of chloro- 
form narcosis is also undesii'able, as there is a. proneness to 
sickness, and with it a fall of blood pressure which often 
induce extreme depression, or syncope. The time occupied 
iu the induction varies considerably. The peculiarities of 
the patient, and the method may delay or hasten the onset 
of antesthesia. Five to ten or even fifteen minutes may be 
retiuired. Besides the loss of conjunctival refies, it is 
wise to ensure regular easy breathing, a good colour, and 
a relaxation of the muscles before the operation is com- 
menced. In abdominal operations this is extremely 
important and an extra few minutes are well spent io 
obtaining such a result. If the induction is hurried and 
antesthesia barely obtained, the commencement of tbe 
operation will cause the patient to pass back rapidly into 
lighter narcosis, the breath will be held, and the respiration 
become irregular. It will under such circumstances be 
extremely difficult to obtain a satisfactory anieathesia 
throughout the operation. 

It is very important to appreciate the fact that incom- 
plete narcosis, i.e., below the third degree, is undesirable, if 
not dangerous, at the period at which an operation Ls 
commenced; yet when a patient has once been taken 
through the third degree and is truly anmsthetic, he may 
safely and satisfactorily pass back into the second degree 
during the subsequetit conduct oE the operation.* 
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marked by few noticeable aymptoma. They awake as 
from sleep, are Mmetimea sick, or fee! slight nausea, rarely 
complain oE the peraistence of the taste or smell of the 
vapour, iind are prone to sleep. Snow states that peraons 
become conscious in ten minutes after ceasing to inhale. 
Old people are slowest to awoken. To all patients, and 
especially to the weakly, and to those who have gone 
through a severe operation where much blood loss or shock 
was present, owing to the fall of blood pressure and the 
ischsemia of the cerebral circulation, syncope is a grave 
danger. Sudden sitting up, as in the act of vomiting, even 
lifting a patient, may cause faintnesa. Numerous deaths 
have been reported after chloroform inhalation, owing to 
the patient having been put back to bed and left unwatched. 
The patient in these cases has been suffocated, either from 
malposition of the head, or through vomiting having taken 
place and the vomitua entering the air passages. 

Difficulties apisinff duping the induc- 
tion of chloroform anEeathesia.— Nervous 

persona and young children commonly hold their breath, 
or bi-eathe so softly that they inhale insufficient vapour 
to establish anEesthesia within a reasonable time. This 
is usually the result of commencing with too sti-ong a 
vapour. If the antestfaetic is taken away entirely, the 
patient will resume his usual bi'cathing and the cblorofoi-m 
can be given again, only more gradually. Breath -hoi ding 
in the semi-unconscious state arises reflesly and from 

the same cause and may be remedied in a h' 

1 have met, however, with powerful men who while in ] 
the second degree held their breath and struggled, repeating I 
the process at each attempt to give them chloroform. 
This condition is obviously dangerous, as any attempt \ 
to push the ansKithetic leads to disaster. It can be over- 
come by giving ether freely for a few inspirations. All air 
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is excluded, the patient is held and a, few compressloaa 
of the thoras are made with one hand. As kooh a 
respiration ia well started, chloroform can be substitute! 
for the ether. Struggling, although frequently due t 
too strong a vapour, especially quite at the beginning ol 
the administration, may ari)!e from othe 
associated with overdosage. In the highly 
neurotic, and especially in the alcoholic, the condition 
common and pronounced. Unless the administration 
being conducted by an accurate apparatus, which enables 
the chloroformist to lessen his percentage to one per ceni 
of vapour, the chloroform must be at once withdrawn until 
the breathing has resumed a regular rhythm. It is then 
to be given again, but more sparingly. Breathing may grow 
more and more shallow : pallor may appear due to interfer- 
ence with the circulation. This alarming association of 
symptoms is not infrequently seen in children and feeble 
subjects. Its cause may be some slight intarference with 
the breathing, tuch as sucking back of the tongue, falling of 
the jaw, mucus collected about the laryngeal aperture, or 
epistaxis, and attention to the cause and its removal may 
be all that is required. But in asthenic and especially in 
an(emic patients the origin of the trouble is more usually 
a feeble state of the heart. If the head ia placed at a 
lower level than the trunk, the symptoms will disappear 
and the induction will pursue a normal course. Retching 
and even vomiting may occur as a patient begins to inhale. 
When there ifi no question of food being in the stomach, or 
of regurgiiation of intestinal contents, as in oases of ob- 
struction, increasing the supply of chloroform and pushing 
forward the lower jaw rh)^hmically will usually succeed in 
preventing vomiting. When food or intestinal contents 
are vomited the chloroform should be withdrawn, the head 
kept low and turned to one side. Care must be taken by 
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swabbing out the mouth to prevent aspiration of tiu 
vomit into the air-passages. It is best before recommenc- 
ing the chloroform to request the surgeon to have the 
stomach washed out. This is seldom necessary, however, 
in the case of young children. When the patient 
antestbetised, care must be taken that be is moved a 
shaken as little as passible, nor tawst he be esposed toj 
drnughta or any conditions which wUl chill his body. 

An extremely important point to hear in mind^ 
is that, although the loss of conjunctival 
j'egarded as the critei-ion of true anaesthesia, yet many' 
surgeons require a more profound narcosis than exists at 
the time this refex disappears. Undoubtedly deepening 
narcosis is in al! cases fraught with danger, and the 
administrator who has to bring this about must be sensible 
of the risks and watch the signs of deepening narcosis with 
the utmost care. The relaxation of the recti muscles in 
strong athletic adults, and the slow shallow breathing 
which are often considered necessary for the proper 
performance of abdominal operations can only he obtained 
by increasing the dose of chloroform to a point when tta 
medullary centres are profoundly under the influence of the 
drug. At this stage any interference with respiration, or 
the occurrence of hsemorrhage, may lead to enfeeblement or 
cessation of respiration. The blood pressure, which is 
greatly lowered when the patient is profoundly antesthetised, 
is also liable to fall still more, and in so doing to impair the 
coronary circulation. 

Persons of different physique require difierent amounts 
of chloroform, and the requirements of operations also call 
for a like variety of treatment. It will be found that these 
variations apply especially to the period of induction, but in 
the later phases of the administration similar lawa hold 
"^•od. Thus the feeble and those who are profoundly shocked 
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will need very little anfeathetic to miiiiitain anresthesia ; 
the vigorous and alcoholic wilt require large doses to keep 
them relaxed and without movement. Since the severity 
of the after effects is directly due to the amount of the 
anfesthetic which the organism hue to eliminate, it is 
neceesaiy to limit the quantity given as much as the 
exigencies of the operation and of the individual will permit. 
Ab to the incidence of dangep, it may be fairly stated 
that the strong and athletic are, if anything, more liable 
to accident than the feeble. Ko age or temperament is 
free from possible peril, nor can it be accepted as truth 
that a person who has many times taken chloroform with 
impunity therefore enjoys an immunity from its risk.s. 
Chloi'oform, like any other drug, produces effects according 
to dosage, and there is little doubt that for most persons 
the dose is determined by their body weight and physiqiie. 
It is possible, nay even probable, that the resistance evinced 
by some patients is peculiar to themselves. Just as minute 
doses of potassium iodide, or other drugs, will cause great 
inconvenience to certain people, so even small amounts of 
chloroform will produce much greater physiological effects 
upon some persons than upon others. It is this which 
renders it necessary to commence the administration of 
chloroform with caution, and only augment the dose when 
it has been ascertained how the patient reacts under its 
influence. Nor can it be too strongly urged that only by 
constant observation of the phenomena and a right inter- 
pretation of their significance will safety and success be en- 
sured. The guides are first and foremost pespiPatlOIl) 
which must be studied, not only by watching the thoracic 
movements, but also by noting the force of expiration. 
This is best done by placing the hand over the patient's 
mouth from time to time. The colour of the face, lips, and 
ears will give a fnir indication of the state of the blood 
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pr«seiire, ami the oculur pbenomeua indicate the depth 
narcoais. In the eaily degree the conjunctiral reflex 
brisk, the pupils are moderately dilated, and the eyebi 
move mofe or less slowly. In tbe third degree- 
tJt true anicijtheeia — the fonjunctival reflex is abolished, tl 
eyeballs cease to nioye, and the pupils t-ontract and may bfli' 
reduced to a pin'w point. Deeper narcosis, when the patient 
is pasaitfg into the fourth degree and the medullary centi'ee. 
fti-e btcoming overdosed, is shown by gj-adual failure of 
respiration, most marked by the feebleness of expiration, 
by dilatation of the pupils and loss of the light reflex. 
It should be remembci-ed that the conjunctival reflex dis- 
appars before tbe corneal reflex, and that the latter ther&ii 
fore signifies a profound state of narcosis and one which 
very near the zone of danger. 



Complications arising^ duping^ the ad- 
ministration of chloroform and theip 
treatment :— 
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This may arise from Mechanical Causes, or result from 1 
the direct action of chloroform upon the RespibAiortI 
Mechanism. 

The symptoms evoked will depend upon the extent tol 
which the patient's breathing has become hampered, and I 
the treatment will vary according to the cause. 

1. Mechanical-— The failing tc^ether of 
iirytaino-epiglottidean folds occludes the larynx, and intei-- I 
feres with inspiration. It is an extremely comi 
ittcident, and if not observed and remedied may become i 
very serious. Tbe patient's breathing becomes irregular j 
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and harehly stertorous, the chest Tnovements are not 
interfered with, the face grows dusky, and this is seen 
especially in the ears and lips. Respiration then ceases, 
and the patient's face becomes black. 

The tongrue may fall back aud so occlude 

the laryngeal opeuing. Wheu the patient is deeply 
under the antesthetic the lower jaw and with it the hyoiil 
bone drop, and the tongue is carried back so as to close 
the larj-ngeal chink. The air is thus prevented from 
entering the lungs, as every inspiratory effort only sucks 
the epiglottis hack. It thus acts as a valve permitting 
some expiration but no inlet of air. The movements of 
the chest still persist, although pi'actically no air is 
entering. As asphyxia is developed the movements become 
irregular, and finally cease. Usually, but not alwa3's, 
snoring stertor is present under these circumstances. 
The signs of asphyxia are soon seen, the face becoming 
dusky, then blue, and finally a mottled black, the pulse 
weakens, and unless promptly relieved the patient dies. 

Mucus, or Blood Clot, or other fluid, may sometimes 
collect over the upper opening of the larynx, and in persons 
whose respiratory efforts are not vigorous may cause 
suffocation. Insuflicient air exchange leads to signs of 
asphyxia more or less pronounced, the most striking of 
which is the progressive duskiness of the patient's face. 
In this case the throat should be sponged out and the 
chin jerked up, a maiiffluvre often sufiicient to dislodge 
tlif> obstruction and restore normal respiration. 

Entrance of foreig^n bodies into the 
laPynx op tPachea. — Teeth, natural or artificial, 
portions of hone, blood clot, pus, vomit, nasal polypi, 
masses of new growth, gags, sponges, may drop back and 
enter the air passages, or, in the case of sohd.':, may become 
jammed in the cesophagus, and so provoke asphyxia bv 
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mecfaiinicdl pressure. Small or soft substances wLiL-h 
enter the larynx may set up epasm and so prevent pnasage 
of uir, or they may pass into the trachea, or bronchi, and 
produce urgent dyspticea and suffocation. So long aa 
the. coughing redex persists foreign bodies will not, as a 
rule, pass the vocal cordis, but in deep narcohis this safe- 
guard no longer exists. It is, therefore, better to employ 
light anesthesia in operations upon the buccal cavity and ' 
upper air passages, iu order to avoid the danger of sufib- 
cation through foieign substances or liquids entering the 
lungs. 

Treatment.— The falling together of the arytteno- 
epiglottidean folds and fulling l)ack of the tongue are less 
liable to occur if the head ia placed on the side, so that 
the weight of the tongue does not tend to drag it back- 
wards. Of course, every precaution should be taken to 
avoid the danger of foreign bodies being aspirated into 
the lungs. If a post -pharyngeal or tonsillar abscess has 
to be opened, the pus and blood must be sponged out of 
the mouth. All loose teeth and masses of growth should 
be noted, and if possible removed or guarded. When the 
position of the head has been adjusted, and the other 
precautions mentioned have been taken, any interference 
with breathing, or duskiness of colour will attract attention. 
If they occur the mouth must be opened. Iu some cases 
this is difficult, as the asphyxial condition causes fipjism 
of the muscles, and the jaws become firmly set. A gag, 
or mouth opener, can sometimes be introduced iu a gap 
between teeth, and failing this it may be necessary to force 
out a tooth in order to introduce the mouth opener. When 
the mouth is opened the tongue should be gi'asped with 
forceps and pulled forcibly out of the mouth, while any 
foreign body which is seen to have fallen back over the 
opening of the larynx is sei/ed with forceps and removed. 
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In the oa^e oF lilood, iducub, or other liquid, sponging out 
the hack of the pharyns will remove the cause of the 
dyspurea. The tongue Khould he dealt with without 
roughness. If diseased, and force is suddenly applied, the 
tongue may he torn, and even if healthy itH under Burfcce 
will be badly cut and lacerated, unless care is tiiken to 
avoid its being stretched forcibly over the lower incisors. 
In many persons the upper teeth articulate in front of 
their opponents, and pushing forward the lower teeth 
will fail to carry the tongue clear of the glottis. It is, 
however, only necessary under these circumstances to 
depress the lower teeth by opening the mouth, and then 
to carry them forward until they are in front of the upper 
incisors. When this is done the pushing forward of the 
lower jaw by the finger applied behind the angle will 
keep the air passages open. 

When suffocation is being caused by spasm of the larynx, 
its relief must at ouce be obtained by performing tracheo- 
tomy, and by sucking out blood clots, masses of growth, 
etc." 

In any of these conditions, if respiration has actually 
ceased, it ■will be necessary to perform artificial respiration 
as soon as the cause of the obstruction to breathing has 
been discovered and removed. 

Inversion is also of value in cases when it is feared 
that blood has entered the windpipe. After tracheotomy, 
sucking the tube is usefully supplemented by inversion. 

Insufflation of the lungs by means of a catheter passed 
through the larynx has been recommended, but it would 
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appear less effectual than tracheotomy aiiU ai'titiciiLl 
respiration, aided, when need be, by sucking- otit blood 
or mucus from the tracheal opening. Catheter'ising i 
bronchus has, it it! stated, saved a patient's life TChen othwfl 
tiieans had failed. If the foreign body has passed through J^ 
the larynx and is lodged in a bronchus, it is best, i 
iisphysia is immLn<>nt, to avoid a huiTied trsicheotomy. I 
Subsequently a formal opemtion for the removal of thai 
tooth, or whatever it may be, can be undertaken deliberately J 
and with antiseptic precautions. 

2. Asphysial conditions occujTing during the inhalationi 
of chloroform, and due to other than mechanical causea^r 
are of the greatest importance. While many authorities I 
have contended that in such complications alone lie the ( 
dangers of chloroform, all admit their constant o 
and extreme peril. Although, as Snow pointed out, actual I 
deaths from failure of respiration without initial inter- 
ference with circulation are few, yet accidents from J 
interference with respiration are very common and prove J 
fatal unless recognised, as they should be, and promptly \ 
dealt with. Further, i-esuscitative measures, unless very I 
long delayed, prove successful in moat instances of respira-r 
tory failure under chloroform. 

When chloroform is presented to the patient in too 1 

concentpated a vapour, forced holdingr of the T 
breath, stpugg^ling and even spasm of the 

g^lottiS, may result. There is usually violent struggling, 
the pupils are widely dilated, and the face wears an ex- 
pi'esaion of ten'or, cyanosis rapidly deepens, and the respira- 
tion suddenly ceases. It is sufficient to withdraw tbo 
anseathetic, and when respiration is reauuied to give it 
again more diluted and mora guardedly. It should be 
adopted as a rule, that any of the above symptoms demand 
the withdrawal of the ansestlietic. If, in a deeper degree 
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, the vapour of ohlorofona is allowed to be 
stronger than can be eliminated, the amount absorbed into 
tlie blcMjd gradually increases, and the patient passes into 
the fourth degree of narcosis (Snow), weakening of the re- 
spiration and duskiness of the skin and mii^ous membrane 
ensue, without any warning symptoms except the increasing 
enfeeblement of respiration. Finally, respiration stops. 
But ttie reault may arise more suddenly when a patient, 
already deeply under the antesthetie, is made to breathe a 
fresh and inadequately diluted supply of chloroform; the 
medullary centres then become rapidly over-nai-cotised 
and respiration ceases. These forma of ra^piratory failure 
are espedally liable to occur in individuals suffering from 
pre-existing respiratory disabilities, e.y., the aniemic, the 
cyanotic, the emphysematous. Persons who suffer from 
some condition which interferes with respiration are liable 
to have their breathing rendered' still more difficult as 
they pass under the iuQtience of chloroform. In cases of 
cei'ebellar tumour, spinal disease affecting the upper dorsal 
a.nd cervical regions ; in cases of thoracic disease when one 
or both lungs are interfered with, such as hydrothorax, 
(cdema of the lungs, or empyema thoracis ; and in eases of 
abdominal tumours when the upward pressure embarrasses 
breathing, a very small amount of chloroform will actually 
cause an-est of respiration. There is another type of 
patient who incurs a similar i-isk. The danger arises from 
obstruction in the upper part of the respiratory tract such 
as may arise from inflammatory swelling in the cellular 
structures of the neck, masses of glands, (edema, or abscess 
pressing upon the trachea, and goitre. Aa in the other 
class of cases to which reference is made above, very small 
quantities and low percentages of chloroform may prove 
fatal 'through interference with respiration. It should be 
borne in mind that in these cases f 
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establishes it^lf. The initial respiratory difficulty leads 
under chloroform to venous congestion, and this io its tarn 
causes still further interference with breathing. 

Trea-tment. — If the respinttiou is cloaely watched 
and inspiration and expiration are seen to be natural, most 
of the diiiigers mentioned above will be avoided. Any 
deviation from the normal breathing should be observed 
and adopted as a guide afi to whether more or less chloro- 
form should be given. When respiration becomes ineffectual 
or ceases, the chloroform apparatus must at once be taken 
from the patient's face, the head extended on the trunk, 
the tongue drawn ovi of l/ie moiith, and artificial respiration 
by the appropriate method practised. If fluid is in the 
lungH the Marshall Hall plau should be adopted, in other 
cases Sylvester's or Howard's method may be used.» The 
movements must be made deliberately and accurately, and 
extreme care taken to perform them synchronously with 
any slight chest movement which nature is able to make. 
When the patients have a rigid thorax, compression of 
the abdomeu with the view of emptying the lungs by 
forcing up the diaphragm is an aid to artificial respiration 
which should not be neglected. 

For young children and persons whose ribs are easily 
compressed, the lateral decubitus may be adopted. The 
hands of the antesthetist are then so placed as to grasp 
the upper side of the thorax. Bapid compression and 
relaxation are then practised, and air is thus made to 
enter and leave the thorax. 

Professor Wood assures me that slnoe he has adopted 
" forced respiration " he has never seen any fatalities under 
chloroform. Many apparatus for, pertlation of the lunga 
have been invented; perhaps Fell's is the best. A tube 



I 



CHLOROFORM. 241 

introduced into one nostril and connected with a power- 
ful foot bellows will easily fill the lungs* In eases of 
threatened death from reapimtory paralysis I have perflated 
with osygen in this manner, or directly thi^ough the 
larynx, and have restoi-ed some eases which appeared quite 
hopeless until I had adopted tliis measure. Strychnine 
injected hypodermieally (gr. ^ to A o^ even ^) is a 
valuable adjuvant, but is ineffectual unless artificial 
respiration te vigorously kept up while the strychnine i6 
absorbed. Hobday suggests hydrocyanic acid as an anti- 
dote to chloroform ; but the plan has not been used upon 
human beings, and is probably not devoid of danger. 
(See Chapter on Accidents of Anssthe^ia.) 



Failure of Circulation. 

Syncope. — Failure of the heart may occur quite at 
the commencement of the administration (primary cardiac 
syncope), that is, after two or three inspirations of 
chloroform vapour, or it may supervene much later — in 
the third degree. In the early degree of narcosis, syncope 
has been variously accounted for; it has been attributed 
to reflex inhibition of the heart excited by terror, or by 
the irritation, by the chloroform vapour, of the sensory 
nerves of the pharyugo-laryngeal mucous membrane and 
pulmonary tract ; or to an individual obnoxiousness to 
chloroform, vaguely called the " chloroform idiosyncrasy." 
Cases have been recorded of sudden death, provoked by 
fear, in persons about to be operated upon, who have 
either taken no ancesthetic, or have imagined, erroneously, 
they were being chloroformed, while in reality they were 
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inhaling eau de Culogne, or an equaUy iuuoctious vapourj 
Persons may, and no doubt do, fnint when about to t 
an aiiiestbetic, from apprehension. Many deaths h&vi 
occurred from this cause, so it must not be 
when considering the perils during anoestlie^, althou^ 
the an [esthetic may have no direct causal relation tal 
the fatality. It is unquestionably highly important thafrl 
all perturbing causcH provocatiTO of fear, auch as loud atH^I 
technical talking descriptive of the horrors of the ojieration, ^ 
should be cai'efully avoided in the patient's pres 
movement, such as uiicovering tbe field of operation,.! 
suggestive of the commencement of the operation, shouldfl 
be permitted until unconsciousness is well established,. ■ 
Fear and trepidation must always bo met by kindly re- I 
assurance, while haste nnd bitisque handling shoidd be:l 
Ktudioualy avoided. The commencemeot of the operatioaa 
before complete anteetbesia has been induced is certainly I 
liable to cause syncope by reflex inhibition of the heart. 

The imperfectly chloroformed patient is fiirthermor& I 
prone to syncope, It seems probable that inhibition of I 
the heart takes place as a result of stimulation caused by 1 
(Mitting the skin, especially over a sensitive area, and thial 
stimulus is communicated along sensory nerves whose g 
conduction is not yet in abeyance. Recorda of death i 
stat« of incomplete anajsthesia show how often the fatality I 
arises in cases when trivial, although painful, operations, f 
such as reduction of dislocated limbs, circi 
are being performed. Dui'ing inconiplete anaesthesia, th$,J 
heart is peculiarly liable to reflex inhibition, since thfi'l 
excitability of the vagi, as Embley has shown, is increased! 
iti the early degrees of narcosis, and so brings about a \ 
rapid fall of blood pressure, which may prove fatal beforo,! 
the heart escapes from the vagal inhibition. 

Symptoms. — Extreme and gha.>tly pallor, with some \ 
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blueneBS of the ears and linger-tips, wide sudden dilata- 
tion of the pupils, fluttering feeble puke, and pessatioii 
of respiratory movements and of ail perceptible heart 
movementa usher in this sj-ncope. There is little or no 
warning, nor can the most careful preliioinai-y examination 
give an indication of cases in which this danger ia likely 
to otpur. Persons the subjects of fatty degeneration of 
the heart, of aortic or advanced mitral disease, are always 
liable to syncope, but the robust and vigorous incur a like 
risk, and are sometimea the victims of syncope occurring in 
the initial stage of taking chloroform. Syncope may occur 
at other atagea of chloroform narcosis (aecondaiy cardiac 
ayncope), but in these cases there is commonly more warn- 
ing ; there ia a gradual failing of the heart, evidenced by 
weakened and often intermittent pulse, pallor, cyanoais, 
cessation of hfemorrhage ; and dilatation of the pupils, with 
failure of respiration. The cauae of syncope, if we exclude 
surgical abock, heemorrhage, audden change in the posture 
of the patient's body, ia probably always an excessive 
strength of the chloroform vapour. 1 have never seen it 
occur when 3 % was being breathed, although I have aeen 
refles interference with circulation with this strength 
of chloroform. With percentages above 2 syncope is not 
d is usually fatal when strong vapoubb 



TPeCltmeilt« — Chloroform inhalation must be at 
once stopped, the patient placed so that bis head lies at 
a lower level than his feet, and when possible hia lega 
should be raised, in order to aasist the retiirn of blood to 
the heart and brain. Complete inversion of the patient 
as practised by N^laton ia certainly the most important 
remedial measure we possess, but should never be employed 
when aaphyxial complicationa co-exist with the syncope. 
The respii-iition, which will have ceased coiticidentally with 



M4 



ANjESTHETICS. 



the cesBation of the heart's action, must be kept up by th«i 
artificial i^itpiratiou methods of Howard and Sylvester (s 
Chap, X.), When syncope is presumably the result of the' 
fall in blood preaaure producing bloodlessnees of the medulla 
ohloiiguta, the lilood being collected in the abdominal 
veiiw, inverHion would, it is pointed out by Leonard Hill, 
have the effect of still further filling the right heart. He 
HiiggefitH that placing the patieut in the feet down position 
for a moment while the chest is compressed, should help 
the right hi'art to expel its blood and fill the arterial system 
HO that, when the patient is again inverted, arterial blood 
will tiiiil its way to the central nervous system and heart, 
(ind 8(1 promote their functions. He further insists that if 
need he tlie manceuvi-e should be repeated, Hill'a viewR 
are supported by sound physiological data which are 
undeniable, I have bad, however, no opportunities of 
verifying his reaultH. There would seem to be some risk 
in raising the head of a patient, but possibly this danger 
vi less than that of inversion if, as Hill insists, the blood 
cannot pass the heai-t and reach the nervous centres nntil 
the right ventricle is relieved of its distended condition by 
gravity, 

Wheu, in performing artificial I'espiration, the thorax 
is grasped in expiration, it is well to slip the hand under 
the costal Iwrder on the left side, and so mechanically 
excite the heart, a method which Koenig has shown to 
he valuable. The chest and throat, bared of all clothing, 
should be slapped with a towel wetted in cold water, 
and fresh air from an open window allowed free access 
to the patient. Hypodermic injection of strychnine, 
although of more value wiien the respiratcy centre is at 
fault, is a valuable method in all cases of chlurotorm 
poisoning. As much as gr. -^^ has been given in bad 
cases, but gr. ^'^ is usually the dose adopted, although 
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it need hardly be pointed out even this is a large dose 
of a powerful remedy. Dr. Crile, who haa made an 
experimental examination of surgical shock, asserts that 
strychnine is useless in amall doses, and in large ones 
may increase the fall of blood pressure and so do actual 
harm. Digitaline is probably a more efficient remedy, 
although it is less a respiratory excitant than is strychnine. 
The injection of brandy in hot beef tea or in warm saline 
solution by the rectum is a useful measure. 

Maas recommends rapid percussion with pressure over 
the cardiac area. He compresses 100 or 120 times in a 
minute. Laborda's method of rhythmic traction upon the 
tongue iinda many advocates. The tongue is seized and 
dragged forwards out of the month as far as possible, it 
ia then allowed to fwll back, and again brought forward, 
the manteuvre being repeated 16 to 20 timea a minut«, 
or even more rapidly. Manskowski advocates and has 
aucce.'iaEully used intravenous injections of sterilised freshly 
prepared SUpPO-Penal extPact. SchSfer regards 
supra-tenal extract as the most powerful constrictor of the 
vascular system we possess, and places it with nicotine 
in the front rank among restoratives in cardiac syncope. 
The beat way of employing this drug is to mix 1 or 2 drms. 
of the 1 in 1,000 solution Adpenalln in a pint of 
normal saline* and inject into a vein or into the subcutane- 
ous cellular tissues. 

The inhalation of nitPlte Of amyl is vaunted as a 
specific, and certainly I have seen it do good in cases of 
syncope occurring late in narcosis, or after an operation 
when much blood-loss had occurred. The most convenient 
way of using the drug is to break a ITliij. glass capsule 
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ud bold it faeoMth Kha pktaent's noee, taking care that 
artifieiMl raspiistkn is muBtained so as to eosare the due 
aotnoee of tbe v«panr into the Inngs. 

Ammig nthrr iiwimTrri advocateil (or cvunieractiDg this 
syncope most bemmtioneil electPiCal Stimulation 

of the bflut, uiii aenpanctupe of that \isctis. 

Ofke electrode L; placed over the ueck behind the stemo- 
mantHd ftt aboat the jiun.'tioD of its lower and naiddle 
thinfei, nbile the other \s wiped orer the pnecordium. 
This pl&n is, hoirerer. open to the objection that the 
electncal stimnlatioo may produce inhibition 
ezcit&tion of the heart moscle. Bv stimulating the dia- 
phragm to contraction, it may poesjbly aid reepiraticnt, 
ACUpunctUPC of the ventricle with a gold needle 
is believed to act by exciting that viscus to contract 
through direct mechamcal stimnlation. The cases in which 
it has been done so far have not been encouraging. 
9lA»Mige of the heart by direct manipalntion has been 
practised in a considerable nuniber of cases, but withoat 
uniform success. In some instances, especially when heart 
failure has occnrred during the performance of an abdo- 
minal section, the heart has been grasped from below and 
compressed I'bythinicaliy with a kneading motion of the 
fingers. In others the abdominal parietes have been 
divided and access obtained to the heai-t from below ; while 
in certain cases the more formidable opei-ation of resecting 
the ribs and a portion of the sternum over the pericardixim 
has been underfcalten. The heart movements were restored 
in all cases, and as long as ai-tificial respiration was kept 
on the circulation was maintained. In most of the cases, 
however, respiration eventually failed and conscionsnees 
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Syncope arising late in the course of an exhausting i 
peration must be counteracted by the above methods of 
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treatment. Brandj- may be ntbbed over the tongue, lipe, 
and gums, and, as sood as the patient has rallied sufficiently 
to be able to swallow, given in aips in hot strong beef tea. 
Sinapisms applied over the prrecordium, epigastrium, anil 
calves of the legs assist in producing reaction. The bead 
should be kept low for some hours, and no attempt at 
sitting up allowed. Hot water, or better, hot saline (at 
110° F.) injections into the bowel are of great value ; they 
must be copious and may be repeated. Enaction is aided 
by hot water bottles applied to the feet and sides, and the 
flow of venous blood is promoted by firm rubbing of the 
limbs from the feet and hands towards the trunk. In- 
version of the body, so that the feet are in the air, is 
often of signal service in extreme cases of cardiac weak- 
ne^, when, tliere is no reason to beHeve that the tight 
heart is engorged. Brisk rubbing of the lips is often 
most useful. 

Duiing abdominal sections patients are especially prone 
to syncopal attacks under chloroform. These are due 
(1) to interference with tbe normal intra-abdominal 
pressure ; this occasions draining into the abdominal veins, 
and hinders the passage of blood into the heart : (2) reflex 
interference with the heart arising from dragging upon 
the viscera, and especially from pulling upon the omenta 
and rofiesions of the peritoneum. As soon as the parietes 
ai-e sewn together again the patient's condition improves. 

Epileptic and eplleptlfOPtn seizures are very 
liable to occur as patients pass under the influence of 
chloroform. Beyond transitory weakening of respiration 
and fall of blood-pressure, no ill consequences arise as 
a rule. It is well in the case of known epileptics to 
place a gag in the mouth to avoid the tongue being 
bitten. The aneesthetic should be withheld duiing the 
lit. 
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Vomitil^. — Bf MfB&nn to the air«ctxfo& given 
•btnw {ClMp. IT.}, vvantii^ is nndeted l^ss fa'&ble to 
ooettr. Tbe followiitg fortber frectMRS, if dolj rarried 
oat, will tend to the same end. If bOioas plethoric persons 
bav» tb^ bowela weQ cleared bcAm takixig chloroform 
they are leas liable to ^knees. "Die ptttient'a head should 
be kept quite low; be should not be moved from the 
operatisg table for half an hour after coming to himself, 
and then the utmost care must be ta^en to prevent his 
being shaken, or hk head raised. 

Opium should not be g^ven by the month ; and nnh 
there w obvious and urgent shock, brandj', ether, and 
volatile had better be nithbeld. Nor should food be taken, 
whether liquid or solid, for at least three hours after 
chloroform, and even subsequently abstinence from every 
thing except hot water, which may be taken copiously if 
vomiting or nauHea is troublesome, is best for six hours 
BO, Meat jelly, bread boiled in milk to which a pinch 
lijpftvbonate of soda ta added, or sponge cakes soaked in 
light dry sherry, may be permitted after this time; teaj 
(lofYoe, winked toast, may be tried, but all indigestible o] 
Holid totiU should be denied. 

Ill caxeii of pei'sisteDt vomiting; or nausea sips 

dranj(Iits of very hot water will give most relief, especialli 
if madi^ dlightly alkaline with bicarbonate of soda. Thii 
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. painful After effect following very pro- 
longed operations. This is espocially so after abdominal 
sections. Copious enemata of hot water, frequently re- 
peated, ai-e of vdlue. Lavage, performed at the close of 
the ojwration and before consciousness returns, is often 
most valuable, especially for persons wlio are prone to 
severe sickness. Drop doses of Tr. Hue. Voni. or Tr, 
Ignatii Amarie, well diluted with hot water, are certainly 
nseful in less severe cases. Mackeurodt soakti a, towel or 
handkerchief in vinegar (preferably cider vinegar), and 
arranges it so tliat the patient inhales the fumes. He 
iinds it checks sickness and assists elimination of the 
chloroform. In obstinate vomiting sinapisms over the 
stomach, small doses of Eucaine Hydrochlor. (ill, v. of 5%), 
oxalate of cerium, and codtia are valuable. 

Dryness of the tong^ue, sometimes a ti-ouble- 
sume complaint in the post-anieathesia stage, is gi'eatly 
relieved by Tine tur. My rrhte. Glycerin. Boracia, or by sucking 
a cloth soaked in Glycerin, ^y, and Spii'. vin. rect., and 
water in equal parts, 5ij. (Kelly). Thirst and tongue dry- 
ness, especially frequent after operations ugon abdominal 
viscera, are best treated by copious rectal injections of 
warm water given every three or four hours. It is stated, 
but I have no personal experience in the miittei', that if 
patients are allowed to drink hot water up to two or three 
pints previous to the time the anesthetic is inhaled, they 
are less sick and suffer from no nausea. The la^t glass of 
water is allowed half an hour before the auDssthetic. When 
morphine is given after chloroform has been inhaled, 
vomiting is certainly worse. It is altered in type, usually 
occurring after an interval of some twelve hours or so, and 
is commonly very severe. 

Post-operation shock, in bo far that it may in 
part be due to the ansesthetic, needs careful attention. 



S5ti 



ANMSTHETICS. 



The patient ties col<I, with cliLininy ejctremities, feeble 
pulee, and faint, sometimes irregular, I'espi ration. Con- 
sciousness is slow in returning. The horizontal posture, 
application of wnrmth to all parts of the body, en tei'oe lysis, 
rubbing brandy into tlie lips and buccal poucbea, with 



constant friction to t 
of re«toi'ing the patient, 
jections of strychnine ai 
greatest value in these a 
shock transfusion of i 



and chest are the l)est means 
. have found hypodermic in- 
oxygen inhalations of the 
nses. In extreme conditions of 
lal saUne is called for, and will 
often restore an apparently hopeless case. Poncet has 
drawn attention to the dangers of the period of recovery 
from an anaasthetic. In more than one case patients 
whose respiration failed owing to malposition aftei' they 
were placed in bed were recovei-ed by his performing 
tracheotomy and ventilating the lung through the aper- 
ture so made. This plan succeeded when all the ordinary 
measures, e.g,, artthcial respiration, etc., had been tried 
and failed, Poncet explains the mechaniam by which 
death is averted in these cases by the following ingenious 
hypothesis. .Under normal conditions the lungs can 
expand sufficiently to overcome the resistance caused by 
their elasticity and the obatrnction in the air passages. 
Under an anajsthetic while inspiration remains fa,irly 
vigorous, the expirations grow rapidly more feeble. The 
muscular structures undergo paresis. At this point even 
a slight obstruction, fixation of the jaws, falling back of 
tongue, glottic spasm, or a eolleotion of mucus, will prove 
too much for the individual's power to overcome, and 
asphyxia results. Tracheotomy, although but slightly 
increasing the patency of the au' way, will, Poncet believes, _ 
by allowing eoH air to enter, excite reHesly renewed and. I 
more vigorous respiratory movements,* 

• See Lym MMIcali. Jnn, IB nnd Jnne 10, \iW; jpp. S5. 49, nnd MB. 
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After effects due to decomposition of 

ChlOPOfOPm during operations undertaken by gaslight 
are those arising from inhalation of irritant gases — phos- 
gene gas, chlorine, hydrochloric acid fumes — and the 
treatment consists in assisting the elimination of the gases 
by opening windows, etc., and allaying the bronchial 
spasm by bland inhalations while the concomitant shock 
is treated on general principles. The danger is increased 
when the room is small and when the atmosphere is foggy. 
Several deaths have occurred resulting solely from phos- 
gene gaa poisoning. 

HystePiftp — Fits of hysterica are sometimes excited 
in the neurotic by chloroformisation ; no special treatment 
need be adopted. These attacks seldom last more than 
three or four hours, and should cause no alarm. In rare 
iuKtances such seizures simulate acute niania, and the 
greatest care has to be exercised to avoid the patients doing 
themselves damage in the course of their fi-enzied struggles. 
Sedatives given by the rectum or hypodermically may be 
called for in really bad cases. They may occur in either sei. 

Jaundice and g^enepal billapy depang^e- 

ment in some instances follow chloroform administration, 
especially after prolonged or i^epeated administrations. 
They should be treated upon general principles, and usually 
need give rise to no alarm. 

Albuminuria and g»lycosupia may follow 

the use of chloroform. According to Baixer diabetica ace 
injuriously affected by chloroform. In 24 or i8 houi-s 
they become rostlpsa, then drowsy, and tinally pas-i into 
coma and die. 'J'heae results are not by any means the 
Pule, as 1 have repeatedly given chloroform to such pei'sons 
■without had i-esults. It is important, however, to limit 
the dose and curtail tiie time during which the inhalation 
is continued. 
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Upon the renal epithelium, chlarofoi'm excites a marked 
Rction. Legrain found albuminuria, and cylindruria fairly 
common after chloroform inhalation, and more persistent 
although less in amount than after ether. Thomson and 
Kfimp fti-e led to believe, as a I'esiilt of onconomptric 
obscrvationa, that suppression never follows the inhalation 
of chloroform, and that the albuminuria is slight and I 
transient. Wunderlich, Alber, and Eindskopf, Lowever,j 
agree with Legrain, and I think when pre-existing ren^M 
disease is present chloroform Rhould be given very sparinglyj" 
to limit its irritant action on the kidneys. Ni 
ti-eatment is, as a rule, chilled for in chloroform nephritis. 

Delayed chlopofoptn poisoning^.— An ex- 
tremely curious after eH'ect has been closely studied by 
Leonard Guthrie in this country, and by Braekett, Stone 
and Low, Baird, Pavill and Bevan in America, atid by 
many workers abroad. It has been known for a long 
time that a degeneration of the livei' and other viscera 
takes place in dogs when they are compelled to inhale 
chloroform at frequent intervals. It is now recognised 
that similar pathological changes, affecting especially the 
liver, kidneys, heart, and muscular structures, may be 
brought about under certain unknown conditions in human 
beings, as a result of even one inhalation of chlorofomu 
The symptoms usually appear between the 12th and 42n(l 
hours after the inhalation. They ara : repeated vomiting 
of foul watei'y fluid, which later is brown and reaemble* 
dregs of beef tea; restlessness, delirium, or excitement, 
alternating with an apathetic state which may deepen into 
coma. The breath has a strong acetone odour. The urine 
is scanty, albuminous, contains casts, while acetone or 
diathetic acid, sometimes both, are present. At length 
respiration and circulation fail, and death closes the scene. 
How far chloroform is responsible for the development of 
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this condition it is impossible to say. It is clear that the 
anseathetic is not the sole factor, as out of the many 
thousands of persons who inhale chloroform, extremely 
few patients reveal the symptoms of acid intoxication with 
its pathological lesions. Nor can we trace any antecedent 
condition common to the patients. It is true that more 
iuetenoea of children so affected have been reported, but 
this may be explicable npon other grounds. The main 
points of practical importance seem to be that limiting the 
CKnount of cklaroform inhaled and restricting the atrength 
of the vapour are the surest safeguards against acid 
intoxication in chloroformed patients. The treatment of 
these cases has been cariied out on general lines, and in 
ttome instances has proved successful. It is interesting, 
iu this connexion, to notice the — 

Effects of repeated inhalations.— Paul 

Bert made a careful study of the effects of daily administra- 
tion of chloroform for a definite time. His researches were 
made upon dogs. After gradual failure of health, these 
animals died on the 33ad day with well-marked wasting 
cf their organs and muscles, and fatty changes in the 
liver. Parasporo (^11 Policlinico, Dec, 1897) ha.s repeated 
these experiments and met with similar results. He 
further reports finding a similar fatty change in the tissues 
of a woman who died from an overdose of chloroform. 
According to J. Eegnault and Dubob (quoted by Dastre), 
workers constantly exposed to the fumes of chloroform 
Kuffer from insoujnia, neuralgic and rheumatic pains, with 
marked physical and mental depression. 

Such conditions as Abtiqmatism and Insanity, although 
recorded as after effects of chloroform inhalation, are 
probably the results of general disturbance and are not due 
to the aniesthetic. 
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AND rrs nXTURES 
OF ETHYL AHD LESS 
GOaSOHLT USED AH£STH£TICS. 

CtalorMe of ethyl ■*.-hiorethyY). CiH,C[, is 

I^Cp ^JBtiWI.— HjAwAlutk add is pa 

hmSag aofaSiaft «f cUhMb «r aw m etbyl i 
flufc witk mrrrte^ candHMr. 

Phyaieal mud ehcmtcal pvopepties.— 

Chloride of KUnl ia ft w l n a ghw fiqni with » pI^Asant 
t^tbnsl odoor wiwMmg tkat af eUenform. &G. *92» 
at 33° F^ buliiig pant 54'5° F. It bona with a smoky, 
gnen-edgcd fl&ine, fanning gueoo^ hydroehlonc add. 
Wbeo Tcrj eooccntrated it fcnus so explosre mixtore' 
with air. Verj aligfatlj sotable in alcohol uic] ether. No 
tarbidity is prodaced by addittmi of silver oitrate solution to 
thealeobolic Bolation. It should contain no ether. There 
shot)]'] be DO appreciable diminution in volume wheu 
iihaken with concentrated snlpharic add, and no darkening 
of tbe add ehoiild occnr, indicating the abeence of ethei- 
ftiid other bodies. It shcrald not redden litmus paper if 
allowed to be in contact with it for ten minut^i^. It should 
hrtve no garlic odour (see also t*sta in new U.S. Pharm.). 
KvBpOTftted from blotting paper no unpleasant odour should 
tie detected, either during or after evaporation. 

It in iiflUEtlly flold in glass tubes, which contain 60 c.c 
ily iniiiinB of a spring stopper, the liquid can be sprayed 
iriLo tlm Itiliiiler, or upon lint, as the case may be. There 
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ETHYL CHLORIDE AND ITS MIXTURES. 20& 

is little tendency to decomposition, but it is advisable to 
keep the lubes in the dark. 

Histony. — Although chloride of ethyl has been 
adopted as a general anassthetic only within the last few 
years, it was known and employed as early aa 1848 by 
Heyfelder. Benjamin Ward Richardson incladed it in his 
" Synopsis of Anasthetics," published in 1885, and gives 
1849 as the date of its introduction by Nunneley, and 
1852 as the year in which, conjointly with Snow, he 
demonstrated its value as iin ansasthetic. The "Glasgow 
Committee " of the British Medical Association examined 
its action upon the lower animals and arrived at the 
conclusion, which they formulated in their Report published 
in 1880, that it was nnaiiitable for human beings, as it 
produced convulsions and respiratory failure. Its restora- 
tion to favour was due to the observations of Carisen and 
Mieaing, who, when employing it as a local analgesic, 
found it induced general anesthesia. Lotheisen employed it 
aystematically as a general ansesthetic, and to his irritings 
we owe much of our knowledge of this agent. The disrepute 
into which the drug had fallen was due to the impurity 
of the samples examined, and even now certain of the 
preparations give unsatisfactory results, so that care must 
be taken to obtain the antesthetic from reliable makers. 
Some of the foreign manufacturers have attached fancy 
names to chloride of ethyl and its mixtures : it need 
hardly be pointed out that this procedure is undesirable 
and suggests that their preparations possess special 
powei-s ; while it masks the character and properties of the 
drug employed, the use of which the advertisers are apt to 
vaunt as free from every sort of diflicuUy and danger. 

Physiological action.— Profound narcosis, with 
complete aniesthesia, is rapidly produced when ethyl chloride 
is given and air is cai-eEully excluded. No very complete 
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reeeArcii into the action of this anesthetic hoB been yet unddTil 
tdken. Lebet, working with Dumont of Berne, found that 
intravenous injection produced in the case ot rabbits marked 
circulatory depression. This agrees with the reaultB at 
which Wood and C'eriia arrived. Mallierbe and Roubino- 
vitcli investigated the effects produced upon the arterial 
tension in man by means of Potain's sphygmomauotueter, 
and found it was lessened in roost cases. Eoenig'a results 
are in accord with thtir finding ; and McCardie, who in 
this country has done much valuable pioneer work upon 
this subject, \is.% satisfied himself that a fall of blood 
pressure takes place when ethyl chloride is given even 
for a short time. Seitz's sphygmogi'apliic results reveal a 
rise of arterial tension. Probably the truth lies between 
the extremes of opinion, and some observations of Koenig 
may explain the discrepancy. When air was completely 
excluded arterial tension rapidly fell, and death ensued 
from failure of respiration and circulation. In clinical 
work this eiciusion of air la either avoided altogether 
or only practised for a very brief time, so that the arterial 
pres-sure does not undergo any material change, 

Flusiiing, due to dilatation of peripheral vessels, is always 
associated with ethyl chloride inhalation, and may account 
in part for any fall in blood pressure which may take place. 
KenpirHtion is profoundly affected, but, unless large doses 
of ethyl chloride are employed, is so secondarily to circulatory 
changes. Seitz, however, takes the reverse view, believing 
respiration to be affected first. Respiratory paralysis and 
failure of the heart's action result from the inhalation 
of large quantities of this driig, especiDJly when the supply 
of air is much limited. Koenig asserts that in complete 
anajsthesia vagal inhibition is abolished. The nausea and 
vomiting which so frequently follow the use of this an»s- 
tbetic are probably due to reflex causes rf 
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the case of ethei' and chloroform, to a direct irritant action 
upon the mucous membrane of the stomach. Its action 
is very fugacious ; patients rapidly lose and regain conscioue- 
ness. Its elimination takes place mainly through ih» lungs ; 
but, as Lebet has found slight albuminuria to occur, it is 
probable that when given for a prolonged period some 
passes through the renal filter. Its action as a local 
aniesthetic is due to its rapid evaporation causing ischicmia, 
and paresis of the terminals of the sensory nerves. 

Danger and death pate.— it is extremely 

didicult to arrive at iiu accurate estimate of the safety of 
chloride of ethyl. Wai-e collected 11,207 cases and reported 
one death. Seitz and Konstanz place the death rate at 
1 in 1 6,000. Several deaths have occurred i-ecently in Great 
Britain, but this drug has now been used in a very large 
number of cases. Again, with regard to the fatalities the 
condition of the patient in some of the cases was very bad 
and should have been accepted as contra-indicative to the 
use of ethyl chloride. It is probable that chloride of ethyl 
is less safe than nitrous oxide, and must be placed between 
ether and chloroform in normal patients, but before ether 
wheu lung and kidney complications exist. Some authorities, 
however, believe ethyl chloride to be safer than nitrous 
oxide and other antesthetics for administration to quite young 
children. The prudent will recognise, however, that ifc is not 
the wholly innocuous agent which some persona have aesertod. 
In the hands of the experienced it is no doubt a fairly safe 
anaasthetic, but not one to be employed by the inexpert 
and incautious. McCardie's experience tends to confirm the 
view given above aa to the safety of ethyl chloride, and he 
vi'ry wisely insists upon our recogriising the limitationg of its 
range of usefulness. My own experience, which is now 
extensive, leads me to believe that ethyl chloride is com- 
paratively safe in suitable cases when properly given, but 
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mfty easily prodnce serious syinptoRis. I have never seen 
A death, but have had experience of two cases ia wMcb 
an alarming failure of respirfttion and circulation occurred 
One pntient was somewhat atuemic, but Ixith were id average 
health, and there was nothing in the operations themselves 
or in the respective circumstnuceB of these cases to have 
occasioned syncope. In each case complete anaesthesia was 
present, and a full dose of the aniestbetic was employed. 
The occurrence of serious complications, such as syncope, 
which in one case ended fatally, has heen i-ecorded by Ware, 
Lotbiesen, and others. Respiratory failure is probably the 
most common accident, certainly so in the cose of children, 
but danger may arise from the side of the circulation, and 

Preparation of the patient.~Thi8 should be 

the same hh in the case of cliloroForin or ether. It is 
advisable that food be abs,tnined from for four hours, and 
the last meal taken should be light and digestible. 

PoStUPe* — Unless the patient is very asthenic, any 
position, Pitting or reclining, may be adopted. The clothing 
must be loose, and everything which interferes with breath- 
ing removed. 

Admitllstratioili — Many methods have been sug- 
gested, but for routine work there is little doubt that 
chloride oE ethyl ia best administered from a. closed inhaler, 
partial or complete exclusion of air being practised. 

Tlie inhalers depicted and described below are simple 
and efficient. The fii-at, which has been modified by Mr. 
Beresford Kiiigaford from Dr. Boyle's wide-bore inhaler 
(with lint lining the inside of the mask), ensures that the 
breathing shall he free and unrestricted. The "Ideal" is 
the suggestion of Mr. Vernon Knowles, and is supplied 
with his reversible rubber bag which enables the anses- 
thetist to ensure cleanliness in his work. The " Simplex" J 
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13 fi'om the design of Dr. Luke, of Edinburgh, and is 
excellent. 

Many inhalers, too nuraei'ous for mention and eacii pos- 
sessing some merit, are to be obtained. Of these several 
are simple adaptations of Clover's Regulating Ether inhalor. 
When no special inhaler is at hand, a ready substitute can 
be made by having an opening bored into the metal knee- 
shaped mount, which carries the rubber bag of the 
" Glover," and connects it with the ether chamber. The 
bag is then fitt«d directly with the face-piece, the ether 
chamber being discarded unless the sequence of ethyl 
chloride and ether is to be employed. The opening made 
in the knee-piece serves for spraying in the chloride ot 
ethyl ; it is made just large enough to take easily the nozzle 
of the stopcock on the ethyl chloride tube. It is quite 
possible to make an inhaler from lint or a towel folded into 
a cup-shape ; altboitgh,asarule,the device is not satisfactory, 
it serves its purpose very well in the ease of very young 
children, and in that of extremely nervous patients, who 
dread the application of any apparatus. 

Chloride of ethyl may be given by itself : (1) in seqnence 
with nitrous oxide ; {2) in sequence with ether ; (3) before 
chloroform ; {4} in various mixtures. These are : various 
admixtures of methyl and ethyl chlorides ; mixtures con- 
taining these with bromide of ethyl added ; in combination 
with chloroform. 

It is proposed to consider these varieties in the use of 
this anaisthetic, although the administration of the drug 
given in the pure state will receive most attention, as 
the principles involved in this control, in the main, the 
methods adopted with the sequences and mixtures. 

Indications and contpa-indications fop 

ita use. — Dr. Flora Murray* Las used chloride of ethyl 
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ani n routine ivnieatbetic for children from 5 d>ys old «nd 
upwards with Btrikingly good I'esulU. I have eoiployed it 
for the afi^* as well &» the very youDg, and that without 
difficulty or danger. Dr. McCardie considers that coDditioDs 
causing blocking or stenoBW of the air passages are cootra- 
iiidioatioiiH, iind with this I agree. Among diseased 
Ntibjec'tH niy expcrienw in that, while no chronic or acute 
iliwmtte, aH GUfh, is ii cantra-indic&tion, yet lung diseases 
involviTig marked respiratory diSiciilty, especially when 
luwofiinted with broiu^boiTha'a, are liable to cause dangerous 
ilevelopinentH when chloride of ethyl is given. In a rase 
which I adminifltered thi^ anosthetic, 
'lom any unfavourable symptoms. 
Ki'»ni the operative point of view, when complete 
iiiiiBciilnr I'i'laxation is requiitd, my experience has not 
been in fnvoup of chloride of ethyl, as it does not appear to 
ii'lax miiscleeHo well an ether or chloroform. It must, how- 
evt'r, Ih' said that Dr. McCardie, whose experience is exten- 
sive, does not agree with this view, and contends that, with 
cure and an ade(;|uate dose of the drug, muscular relaxation 
can be usually obtained. A rather remarkable fact, to 
which my Fittcntion was called by Mr. Howell, is that, when 
in alcoholics under chloroform the muscles are rigidly lixed, 
tlioy may be caused to relax immediately by spraying a 
few I'.c. of chloride of ethyl on the mask. Similar results 
folUnv when ethyl chloride is used during ether uarcords 
( K ingsford), I have no experience of chloride of ethyl in mid- 
wifery practice, but it has been employed and, it is stated, 
with success. Alcoholic persons are not good subjt cts 
for chloride of ethyl. They are apt to become extremely 
violent and often the aniesthesia in their case is very short. 
In some instances it is extremely difficult to produce a satis- 
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using a ki'ge dose, i.e. 10 c.c. The patients are unaware ^^| 

for the operations to be successfully performed. Smokera ^H 
suii'ering from pharyngeal catarrh do not always take thia ^^| 
anresthetic well; they are liable to cough, strain, and ^^| 
struggle for air. When the heart's action is feeble and ^^| 
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there is probability that this is due 
chloride of ethyl is contra-indicated. 
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Inhalers. 


1 


I. Wide-bored Inhalep.- 

simple inhaler, as modified by Mr. 
thei-e is no lint in the face-piece, 
face can be seen throughout the 


-In this excellent and ^^M 
fieresford Kingsford, ^H 
so that the patient's ^M 
administration. The ^H 
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neck of the bag fil« over that of the face-piece, and con 
be freely rotated about it. Corresponding openings are 
made in the inner and outer necks, and when these 
coincide the anaesthetic can be sprayed through them 
into the bag. Within the neck of the face-piece a piece 
of lint is fixed {opposite the uperture) by a dip, so as to 
form a pocket which is open towards the bag, just as 




the moment the gag is adjusted, i 

during a convenient expiration. After a breath or two the 

air-way ia closed by slightly I'otating the neck of the bag. 

II. The "Ideal" is constructed to enable the 
administrator to gi thyl hi nd t ly diluted with air. 
I have little doubt t m my p ce with this inhaler, 
that the principl t Fitientt are ]e«3 



ETHYL CHLORIDE AND ITS MIXTURES. 263 

iocoBvenienced and suffer less from after effecte. It ia 
iised in the following ways ; (1) With a capsule containing 
3 c.c. or 5 c.c. The capyule is pushed well into the holder 
J, and J is screwed into D. The lever B ia turned fully 
to the administrator's right and the mask adjusted. The 
patient breathes easily through the air-way C. The lever B 
ia turned to O, C being closed. The capsule is then smartly 
bent towai'ds the left, 
this breaks the drawn- 
out end, and the ethyl 
chloride ia projected upon 
the sponge ; by turning 
B to 3, 3, and 4 the 



Jve is gradu- 
ally opened and the 
patient breathes a pro- 
vapour. When (2) the 
capsule is not used, the 
ethyl chloride is sprayed 

through D, and B turned .^ __ 

as described above. The Pio. b\. ueotioD at " idau inhHinr," ihan 
capsule holder has a fine i"%°rtoi"l^X"'t^""V"2^°oLT'B^^ 
netted septum to prevent aimngo ;> pi«i»d. Tia othyi Bhioiiiie ii intru- 
broken glass entering the "'* ""^ "'"'' '' 
inhaler. The apparatus is fitted with a wide bore, a 
revemble bag for rapid cleansing, and an ether attachment 
which ia not shown in the figure. This enables the 
itnjesthetist to employ the ethyl chloride to ether sequence 
in a most satisfactory way. The ether reservoir, by an 
ingenious plan, allows the administrator to supply any 
desired quantity from the reservoir to the sponge, A.^ 
the former is made of glass, the amount of ether ia seen 
throughout the administration, and is easily replenished ii 
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as can be performed when one, or at the most two, inhala- 
tions ai-e aUowed. The patient ahonld be seated comfortably, 
and his legs so disposed that if, as often happens, he forcibly 
straightens them he cannot prize himself out of the chair 
or break its back. The head ehonld be slightly extended, 
and breathing absolutely unrestricted. A dental gag is 
placed ftecurely in position and the face-piece carefully 
applied with the supply apertui-e open. There must be 
most accurate eoadaptation, so that im air entei-a under the 
inflated Tvm of the mask, A few breaths having been taken, 
3 c.c, in the case of an adult, are then sprayed through 
the aperture into the bag during a forcible espiration, 
and at its end. The aperture is then closed and the patient 
encouraged to inspire freely. If he holds his breath, as 
may happen with nervous patients, the cbin should be 
sharply jerked upwards, which induces an inspiration. 
After fifteen or twenty seconds, when the breathing has 
become fuller and more rapid, the aperture is again opened 
during an expiration, and 2 c.e. more of ethyl chloride are 
sprayed in. If a prolonged anaesthesia is desired and the 
patient is vigorous and full-blooded, 3 c.c, or even 4 c.c., 
may be given rather than 2 e,c. The plan of dividing the 
dose, which I have adopted and described, is bused upon 
the following observation. Patients when tbey commence 
breathing chloride of ethyl not rarely breathe feebly, and 
do not inspire the full dose from the bag. As, however, 
tliey become partly narcotised the respirations grow more 
vigorous, and the second dose of chloride of ethyl, which is 
then sprayed into the bag, is inspired freely, and this en- 
Huves a good and prolonged ansesthesia. In thirty to sixty 
seconds from the commencement of inhalation, the breath- 
ing will become loudly and musically stertorous, and the 
patient is then completely aniesthetic. lie remains in this 
state for a minute or more. The longest antesthesia 1 have 
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met with lasted for five niiaut«K (5 c.c. haWog been giTsn) 
a duratiou of two or three minates ia not itacommaii. 

The stertor deepens ; in most cases the ejeballs will 
liied — being usually rotated downwards — and the 
dilated ; th« auxstbeeia is then complete. The degree 
insensibility is very piofound, yet, if the aniesthetio 
withdrawn as soon &.s well-marked stertor is present, 
deepens for a few seconds afterwards. This deepening oT; 
narcoeis after the mask is withdrawn is very consider&ble. 
in children of any age under seven yeiirs. It will often 
happen that if the mask Is withdrawn while the child is 
still crying, and the operation (a short one) is commence^ 
insensibility becomes more complete. There is no corneal 
reflex, the crying subsides, and thj reflex will only return 
after an operation has been performed without evoking 
a struggle or sign of consciousness. 

If, in such young children, the aneesthetist waits 
cessation of crying, or is induced to give more antesthetio' 
to effect deeper narcosis, failure or danger from 
will certainly be incurred. 

That the nction of chloride of ethyl is very fngai 
is shown by the rapidity of recovery. Tor a few seconds 
after ancesthesia ceases the patient is dazed and has little 
control of himself or his movements, but this is followed 
by restoration to complete consciousness. In these respecta 
chloride of ethyl resembles nitrous oxide and contrasts with 
chloroform or ether narcosis. As soon as stertor appears, th© 
mask should be removed and the operation commenced, for 
if the aneesthetist delays removal of the mask with the view 
of obtaining a longer auiesthesia, he will find, to his chagrin, 
that during the delay the chloride of ethyl has partly 
wholly become dissipated and consciousness is returning. 

• tt is olUn >ei7 dlSciiK tu mold ellghC 
or tbc pitisnt, Bad eveo II this ia kit sUgbt, It nlU Ih i 
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If, after the inhalation has lasted 60 seconds, there is no 
stertor, more ansesthetic must he given, as the narcotic 
effect ia never delayed beyond this point. It is importftnt 
to rememher that the narcosis, while it lasts, is very deep 
iind the radexee are in abeyance, and thiie operations on 
the upper air passages involving hiemorrhage may prove 
dangerous (or even fatal), unless care is taken to direct the 
blood out of the mouth. 

(2) Pi-olonged operations. Although the consensus of 
opinion is not in favour of the use of chloride of ethyl 
for longer operations, except sometimes in the cas« of young 
children, yet it may he well to indicate the technique of its 
management for opei-ationa of from five to twenty 
minutes' duration. 

The patient must be carefully prepared, just as in the case 
of ether or chloroform. The induction is conducted as has 
been described already, and when anaesthesia is obtained the 
mask is eithef removed or the icspiry valve opened, the 
patient being permitted to ventilate the lungs with air. As 
soon as stertor disappears and the eyeballs commence to move, 
3 c.c. or i c.c, are sprayed into the bag. This is i-epeated 
as often as may be necessary to maintain anjesthesia. 

It is seldom advisable to give more than 5 c.c. at one 
time, although in the ease of alcoholics and vigorous men 
it may be necessary to use 3 c.c. or even 5 c.c. after the 
initial dose before complete anesthesia is obtained. As a 
rule, 3 CO. are sufiicient for children and 5 c.c. for adults. 
It is, however, important to ensuiva that this dose really 
enters the patient's lungs. To this end the mask must tit 
accurately, the patient must be encouraged to breathe 
freely during the induction, and the respirations must be 
sufficiently vigorous to nearly empty and refill the bag. 
Children, especially young and feeble thildren, cannot do 
this, and so when the anaesthetic is not spniyed upon lint 
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or n sponge near to their mouths they do not get enough of i 
it. Tliis difficulty is met by the Knt in the inhalers of I 
Dr. Boyle and Mr. Knowles, and can easily be overcome 1 
in other inhalers by placing a coil of lint in the summit [ 
of the face-piece. 

Chloride of ethyl In operations upon 

OlllldPen. — Br. Flora Murray* regards this anteathetie 
as pieferahle to chloroform for children. A simple bag with 
celluloid face-piece, iitted with a wire holder to keep a piece 
of lint in position and an aperture in the connecting shaft, 
is all that is required. A dose of 3 c.c. is suitable for 
infants of a few months old and 5 c,e. for children a few 
years old, The mask is held near, but not touching, the 
face for the first bi'eath or two. The chloride of ethyl is 
sprayed on to the Hut ; it is then applied closely. The child 
should not he held more than is necessary to prevent bis 
hands from clutching the inhaler. Stertor appears in a 
few seconds, the eyeballs are fixed, and deviation is com- 
monly seen, the pupils are variable, the respirations rather 
rapid and deep. As recovery comes on these grow slower 
and more shallow. Repeated doses may be given, respira- 
tion being closely watched. If it begins to fail, the chest 
should at once be compressed and the antesthetic withheld 
until breathing is fully restored. The after effects are 
usually slight. 



Methods of giving Chlokide of Ethyl in Combination . 

(1) With nitPOUS oxide. — This combination has *j 
been suggested, and many regard it as possessing special j 
advantages, t 

• ittiiMl, Ndvolntac as. 1905, p, 1542. 
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The chloride of ethyl is sprayed into a tube or bottle, 
which ia attached by an india-rubber tube to a tap in the 
distal end of a Cathn'a gas-bag after this latter has been 
partly filled with nitrous oside. Experience is necessary to 
gauge the quantity of gas requisite for each patient. The 
patient breathes the gas, and after a few respirations the 
expiry vah'e is closed, and rebreathing takes place for a few 
seconds ; then the Stopcock is opened and the chloride of 
ethyl is allowed to evaporate, or, if necessary, is tilted into 
the gas-bag. My experience of the method has not con- 
vinced me of its superiority over simpler procedures, ex- 
cept when it ia desirable to give a patient nitrous oxide 
because he ia already familiar with it, and yet obtain 
the more lasting and profound amEsthesia of chloride of 
ethyl. 

(2) With etheP. — it may he used instead of 
nitrous oxide as a means of introducing ether. The 
induction is as descnbed above, and ether is given as aoon 
as stertor ia well marked, at £rst in moderate strength, 
but rapidly increasing it to "full ether." Cyanosis 
may be produced if the ether is presented too soon, 
and is always a warning that a breath of air must 
be given. 

(3) With ehloPOfOPm.— As regards giving chloro- 
form immediately after chloride of ethyl, I think it 
is beet in all cases to avoid it and let the chloro- 
form follow the ether- after-chloride -of- ethyl sequence. 
It is justiiiable, no doubt, to obtain deep aniesthesia 
by chloride of ethyl and then, during an operation upon 
the naao-pharynx or neighbouring regions, pump in chloro- 
form vapour by means of a Junker'a inhaler and mouth, 
or nasal tube. Even this, I think, is more liable to 
lead into difficulty or danger than the plan advocated 
abore. 
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Difficulties and dang:erS.— The dangers are 

intepfepence with circulation and respira- 
tion. Very youngf Children occnsioually atop 
breathing during the period of induction. This, Dr, Flora 
Murray tliinks, is the result of over-sLiiniilatioii of the 
respiratory centre. The explanation is not, perhaps, quite 
satisfactory, as blood presaui'e in such eases is distinctly 
low ; but from whatever cause it arises, the complication, 
though an alarming one, fortunately seldom proves 
serious. The removal of the chloride of ethyl, lowering 
the head, and compression of the chest rapidly re-start 
i-espiration. 

In adults embarrassment to respira^ 
tlon, cyanosis, falntness or syncope may 

occur. Such acciilents, although rare, may arise through 
giving a large dose, such as 8 c.c. or 10 c.c. ; lack of attention 
to the correct posture for carrjong on unimpeded breathing ; 
collateral circumatances which interfere with respiration, 
such aa falling or pressing back of the tongiie e.g. during 
the extraction of lower teeth. Blood passing backwards to 
the larynx is again a cause of such dangers. Cyanosis or 
pallor, rapid, shallow, and laboured breathing, should be 
wiitched for and at once reuognised as a warning of 
danger. The anteKthetic should be withdrawn, and if a 
p-ag has been placed in the mouth it sliould be removed 
while the jaw is pushed forward; and if need be, the tongue 
seized and pulled forward and the head lowered. In 
extreme cases, when there is actnally cessation of respira- 
tion and of circulation, the patient should be placed in the 
horizontal position and artificial respiration performed, the 
tongue being held forward and the upper air-passages 
cleared of blood and secretions. Young children should bo 
placed on their right side and the chest rapidly compressed. 
If these measures fail, larjngotomy must be performed. 
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The fatalities which Lave occurred have been due to the 
failure of circuifttion and respiration,* 

Aftep effects.— Vomiting: nnd nausea are 

more frequent after tliloride of ethyl than after nitrons 
oxide inhalation. This is partly accounted for by the 
profoundness of the narcosis. Tlie patient is allowed 
to (Swallow blood and mucus. IE care ho taken thot the 
head is so placed that this does not occur and sponging 
be carried out with more thoroughness than is usual, it 
will be found that vomiting is by no means a necessary 
sequela. 

In dental hospital practice I found 9-6 per cent, of 
patients vomited, and to these must be added 4-8 per cent. 
of cases in which there was some nausea or retching. 
The cases examined were not prepared for the anoa- 
thetic ; some had taken a meal, several had taken 
alcohol just before entering the hospital. It mudt 
be pointed out further that, in these cases, extensive 
dental operations were carried out, involving the re- 
moval of several teeth, and the blood eSused wa« 
swallowed during the progress of the extractions before 
the patient was aroused, so that the figures given 
are probably the most unfavourable which could be 
cited. 

There does not appear to he bo much headache or per- 
sistent vomiting as afier ether or chloroform; nor is the 
after bleeding increased when chloride of ethyl is inhaled. 
It has been stated that the immediate htemorrhage is 
increased, but this is not always the case. 
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Mixtures containinq Ghloridb op Ethyl, 

' ' Of these the beut known are Eomnofoiiu (sometimes 
8p<?lt scBiUBoform or SLemtiofoi-me), narcotile, kelene, and 
iiuBestile. Kelene, nareotile, ftiid antestile are either 
lihloride of ethyl pure and simple, or are mixtnarea of it 
with chloride of luethyl. 

SoHuioEorm " L-! composed of chloride of methyl 35 purts, 
chloride of ethyl 60 parts, and bromide of ethyl 6 parts. 
It was suggested that the extremely volatile chloiide of 
methyl (B.P. — 22''- C.) hastened anceKtheBia, the chloride of 
ethyl gave the uharaoter to the mLxture, while bromide of 
ethyl, the least volatile, served to prolong and deepen the 
narcosis. The mixture is extremely volatile, and if exposed 
to light and air undergoes decomposition, owing to the 
liberation of free bromine. Even when fresh it has a 
lather unpleasant odour. 

Sydney W. Cole + has undertaken, under strictly scien- 
tific control conditions, a research into the physiological 
action of this mixture, and Snds its behaviour is in the 
main that of bromide of atliyl. Dr. Swan J has also 
conducted a limited reseai-ch, while the originator of the 
mixture § has published his view of the action of som- 
iioform. 

Mr. Cole found somnoform increased the range and rate 
of contraction and the tone of the diaphragm ; large 
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eoUI Awwiii^oiiatShnniibaiT, IW2. aetBril. Dml. ^uae.Jaiira.,l90i,p. S21. 
I Prcioeedings of tha Diyalologiad Bodletr, Mbj 19, IDOB, Jauri-^l qf Pliyilologii, 
il. Kiii. The TDodtt phDUld olsa consult tbt papaT by Dr. Adalf HABlBb&DhflT, 
.entfllJe BeobjieUtiingflq liber die I^'aobwlrknii^n bei der Bromiethjl- 
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doees caused death by setting up powerful totiic contraction 
of the diaphragm with airest of respiration, while the heart 
still beat strongly. This occurred when the vagi 
divided, and therefore was due to action on the respiratory 
centre. An initial rise in blood pressure, with acceleration 
of the heart beat, was followed when the dose was increased 
by fall of pressure. The strength of the heart's contraction 
was lessened. No effect on the vaso-motor system was 
noticed. Animals usually struggled, even after complete 
loss of corneal reflex, and regular rhythmic movements- 
of the muscles of the limbs, tail, and jaws persisted ; while 
muscular relaxation was seldom complete, even with large 
and dangerous doses. The pupil at first dilated, and 
subsequently contracted. Dr. Swan has examined the 
blood of patients before and after taking aomnoform, and 
found no change in the amount of hemoglobin, or in the 
number of leucocytes. 

Administration. — The character of the anaathesia- 
varies with the strength of the somnoform vapour em- 
ployed. If much air is allowed to enter with the vapour, 
analgesia and violent movements are produced, but no 
true amesthesia. 

Given without air, some feeling of suffocation ia experi- 
enced, but the average period of induction is very short, 
viz. 20 to 30 seconds, while a tranquil and profound 
antesthesia follows, which usually lasts for 60 to 100 
seconds. It is claimed that a five minutes' anffisthesia can 
be obtained with 5 c.c, but this must be very exceptional. 
The length of the period of unconsciousness depends upon 
the vigour of the initial respirations. It is well to bear 
in mind when using somnoform that the induction period 
varies within wide limits. Thus, childien under 
who cry or breathe deeply, may become aniestbetised in 
10 or 12 seconds, while vigorous or alcoholic or neurotic 
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I adults may rer[uii« a full minute before imconseiouanesa 
is produced. If more nir is admitted, as when a patient 

I breathes and rebi-eathes air into a small bag into whiot 

I somnoform has been sprayed, the induction takes 40 to 

I 60 seconds. 

k^ The methods of admioistration are similar to those 

^1 described for chloride of ethyl. Thus, it can be sprayed 

^B upon the hnt fixed inside the face-piece of Mr. Vernon. 

^H Knowles's inhaler, additional doses being given, if necessary, 

^H by spraying through the opening into the bag, or it cau 

^^ be sprayed directly into the bag in this or other inhalers. 

^^L The dose is somewhat less than that of simple ethyl chloride, 

^H being 2 c.c. to 3 c.c. for ehildi-en, 3 c.e. to S c.c. for adults, 

^^P according to their physique and vital capacity. 

^V Phenomena of napcosis.— The face flushes as 

^V with chloride of ethyl, the pinlt-red deepens almost to 

^^ cyanosis if large doses are given, the respiration is quiek- 

^ft eued, but grows weaker and less full, and faint stertor is 

^H usually heard; the eyes become suffused and the eyeballs 

^^1 fixed in a position of deviation downwards and slightly 

^^P inwards; more rarely the deviation is upwards; the pupils 

^B at Urst dilate, but later on, act^rding to some observers, 

^1 they become smaller. Mr. Kingsford, who has studied the 

^K changes of the pupil in 1,700 cases of somnoform anaesthesia, 

^^ft informs me he has never seen the pupil undergo contraction 

^^P while the ocular globes remained fixed. After moderate 

^^B doses the pulse is quickened, but is usually little altered 

^V in volume. If very full doses are administered, duskiness, 

^1 distinct feebleness of breathing, with quick, collapsing pulse 

^B result. Anaesthesia is present when the breathing is gter- 

^^k torous, and the mask should be removed — and in the case 

^H of children even if the conjunctival refles is present, and 

^^^ the ocular globes are still moving. The depth of i 

^^^^ js increased for some seconds after the patient c 
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inhale; indeed in very young children the narcosis may 
continue to deepen for half a minute or even more, and 
this m^ist be allowed for in determining the right moment 
for withdrawal of the anesthetic. 

After efPeotS.— Much difference in the statements 
of those who have had large experience with aomnoform 
exists as to the after effects produced by it. I think, 
however, that there is little doubt that nausea, vomiting, 
and severe headache are common sequelae. The patients 
are commonly dazed for some minutes after the inhalation, 
more so than after chloride of ethyl. 

Difficulties and dan^ eps.— Uniesa au' is 

almost completely excluded, no antesthesia will result. A 
mistake which results in failure is often maile in keeping 
the mask too long on the face. If the signs of antesthesia 
are not developed in 30 or 40 seconds, too much air has 
been allowed, or too small a dose has been given. When 
food has been taken within a short time of the administra- 
tion of the aniesthetic, pallor ia likely to occur, followed by 
vomiting into the mask. Several cases have been reported 
in which severe collapse occurred, lasting for some hours 
and causing alarm. Mr. W. Cross Foster • mentions two 
cases in which marked general rigidity, opisthotonus, and 
spasm of the jaw muscles developed. And Dr. Swan f 
cites two cases of collapse, one in his own and one in the 
practice of Dr. Kolland. In both the patients had had 
antesthesia prolonged by Bomnoform for twenty minutea. 
Excitement and struggling are occasionally met with. As 
Dr. KirkpatrickJ indicates, micturition is common if the 
bladder is not emptied before the administration, so this 
precaution should not be omitted, 1 have met with cases 
of excitement, but none of serious danger. Fatalitiis have 
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occurred, however, daring the iise of somnoronn ; and when 
we bear in mind that Cole's experiments show conclusively 
that the phyBiological aetiona of somnofonn and bromide of 
ethyl are almost identicnl, it follows that the dangers of 
Bomnoform must be almost the same as those of bromide of 
ethyl ; and with these we must reckon. Somnoform readily 
decomposes ; it any free bromide is present, the colour 
becomes yellow aod the aniesthetic is unfit for inhalation. 
As a rale, the last portion in the bottle gives unsatisft 
resultH, especially if the bottle has been open for a 
so, and should not be used. 

All who have used somnoform are struck with its obvioos 
merits, but there has been an unwise reticence with regard 
to its known dangers. It is, therefore, by way of warning 
that I have maintained this mixture should not be em- 
ployed by those who are not fully aware of all ita proper- 
ties, and able to recognise and combat perilous complicationa 
an they arise. Comparing it with chloride of ethyl, one 13 
justified by the facts in saying that the latter agent is 
safer and quite as efficient, even if it is less rapid in in- 
ducing and less satisfactory in maintaining anaesthesia than 
is somnoform. 

Ethyloform is a mixture of bromide of ethyl 10 
per cent. ; eiiloride of ethyl 45 per cent. ; and chloride of 
methyl 45 per cent. As far as I know, its physiological 
action, as yet has not been worked out. Judging by the 
analogy of somnoform, however, it seems probable that th© 
10 per cent, of bromide of ethyl which it contains 
dominate and give the mixture an identical action with tl 
agent. It is exhibited in the same way as somnoform, 

Narcotile,* kelene, anestile, and other anesthetics whi< 
are sold under similar names are too uncertain 
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composition to require more than a passing notice. These 
agents, although disguised by meaningless names, are really 
either chloride of ethyl or consist of mixtures of it and 
chloride of methyl. Anestila probably contains a little 
ether as well aa the chlorides of ethyl and methyl. The 
mode of admiDisteriiig them needs no special mention, as 
it ia that already described under the heads of "chloride 
of ethyl " and " somnoform." It may be pointed out that 
the imporianoe of securing pure drugs is paramount in 
the case of anresthetics, and it ia therefore wise to obtain 
them from the best makers, and work with agents the 
composition of which is known and can be readily tested 
for purity and stability. 

Recently the presence of chloride of ethyl in certain 
brands of chloroform has been noticed, and it is claimed 
that the more volatile agent rondel's the inhalation more 
rapid and more geuerally satisfactory. However, unless 
chloride of ethyl is added, in appreciable quantity — -such, 
for example, as 3 per cent, or more — it is at least difficult 
to undei-stand how its presence in chloroform can exert 
any marked action during the induction period." We do 
not possess as yet sufficient evidence to come to any 
satisfactory conclusion aa to the advantage of adding 
chloride of ethyl to chloroform. It is certain, however, 
that the mixture is more volatile than chloroform, and that 
during evaporation the composition of the mixture remains 
practically unaltered. 

Uses of Ethyl Chloride and its Mixtdres. 
For brief operations such as those of dentistry, the re- 
moval of tonsils and post-nasal adenoid growths, opening 
of abscesses, and generally for occasions when nitrous oxide 
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\& commooly employed, cliloride of ethyl is valuable. Few 
short operations upon infants and children under six years 
of age it is the best anffifthetio we possess, being more 
readily taken tlian ether when that agent is given by 
itself, easier to manage than nitrous oxide for very young 
children, and safer than chloroform. It is also a valaable 
means of introducing ether norcoBis, and especially bo in 
the case of nervous persona. Its use has been extolled 
in the operations of ophthalmology, and for those of the 
rhinologiat, auriat, and laryngologist, when the time reqvdred 
by the surgeon is not more than two or tliree minates. 
For more prolonged operations upon the mouth and upper 
air-passages, chloride of ethyl as usually administered is 
inconvenient, since the surgpon is obliged (o interrupt his 
work while the mask is reimposed and more anesthetic is 
given. Dr. Barton* has devised a useful apparatus by 
means of which the an:esthetist is enabled to give the 
vapour of chloride of ethyl continuously. For this purpose 
the vapour is carried by a tube either through the nostril 
or to a delivery-tube attached to a gag. The supply of 
vapour is maintained by warming, by means of hot water, 
a specially constructed cylinder holding 250 grammes, and 
ia controlled by taps, so that the narcosis can be kept at the 
desired depth for as long as may be necessary. 

A few words may be said as to the comparative merits 
of nitrous oxide gas and chloride of ethyl, since these 
anesthetics are used in similar eases. 

Chloride of ethyl is more portable, it does not produce 
cyanosis unless given for too long a time and without air, 
and it ensures a deep and quiet period of ansesthesia which 
is considerably longer than that obtained by the inLalatioHL, J 
of nitrous oxide. On the other hand, it is probably leg 
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safe, and mare liable to produce after-naiigea aad vomituig. 
In dental surgery I thiTik chloride of etfajl should not 
repliire nitrous oxide as e. routine tioKsthetic, but should be 
used in the place of that gas when followed by ether, for 
ronei of numerous or difficult estractions, such aa those of 
the lower wisdoiD'teeth. For cases of multiple extra.etions 
in the upper jaw id persons with a abort upper lip who are 
lesa easily kept aniesthetlc by a continuous gas method, 
chloride of ethj'I is useful. For the removal of tonsils and 
growths in children, more especially in hospital practice, 
chloride of ethyl is hetter than nitrous oxide ; it is, indeed, 
considered by some ae almost an ideal anawthetic in these 

Ethyl chloride may be strongly recommended for nasal 
operations, such aa removal of spurs and portions; of 
turhiuate bones. It causes less congestion, and affords a 
^^iiieter antesthesia than nitrous oxide followed by ether (of 
lit least equal length). It is safer than chloroform 
mixtures when given to patients in the sitting or sei 
recumbent posture. It may be used safely before 
ing the turbinate bodies. 

Patients who are inclined to become cyanosed when 
inhaling nitrous oxide, and those who "come round" very 
quickly, and those who are restless and excited under that 
agent, usually raspond well to ethyl chloride, and by its 
a satisfactory amesthesia can be obtained. 

BPOmide of ethyl (hydrobi-omic ether), CjHa 
6p. gr. 1-4733, hoils at SSS" C, and remains unchanged 
0° C, thus diffei-ing from the toxic body, ethylene bromido^'l 
which crystallises at zero. It is a colourless tranaluoentis] 
liquid, with a neutral reaction, ethereal smell, and 
pungent sweet taste with a somewhat burning afi 
flavour. It is ignited with difficulty, and burns with 
green smokeless tlame, emitting an odour of hydrobromidtj 
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acid (Lowig). It is insoluble in water, but freely soluble 
in ether or alcohol. It rapidly undergoes decomposition in 
the presence of aJr or light, with the liberation of free 
bromine, and becomes irrespirable. This impurity gives it 
a yellow colour, a circumstance which should warn against 
its use when at all tinted. Serullas discorei-ed this sub- 
stance in 1827, but to Nunnely of Leeds wb are indebted 
for its recognition as an anaisthetic (1849).* 

PhyslolOgfiOal action.— Eabuteau, in 1876, care- 
fully investigated the subject.t In human beings bromide 
of ethyl produces unconscious uesa and aniESthesia, in one 
minute, and complete muscular relaxation in two or three 
minutes. Schneider speaks of two periods : in the initial 
one sensibility is lessened without loss of conaciousnes.s or 
interference with respiration and circulation ; in the second 
there is complete loss of consciousness and occasionally con- 
vulsive seizures. Larger doses produce profound narcosis, 
cyanosis, muscular relaxation, loss oE pupillary reflex, and 
gradual failure of respiration and circulation. The heart 
beats for an appreciable time after breathing has ceased. 
Ulimination takes place by the lungs. N'o suffocation or 
laryngeal irritation appears to exist, although there is much 
congestion of the head and neck with lacrimation, and an 
increased secretion of mucus which may give trouble. 

When ordinary doses are given to produce an.-eathesia, the 
following phenomena occur : The breathing is quickened, 

' Tlis lats sir B. W. RlctArdHm nroU (Atclepad, 1335) bivoflisbly at iu 

(bs oommotolttl l)roniiie. Tbo bibliographj of htomethyl taa bgimiiiB yoty JatgB ; 

Ko. D, IGflB, p. 701}, Dutra <"Dh aaegUi^LiqnH," p. 189, Firls, ISW)], L«it1b 
{JtfHlktti «<«>«, N6« York, March, IBM, p. a42), lurabaU o( Philadelphl«, Chl.- 
bolm nnd. Bilk (PvoA^itUtwv. Mij, 1«91), amoDg TosDr oChen. A luelal list of 
antboritlea will also be foand la tha vsliubla sbnptai an brametbjt in Teirler and 
Fjralre's book (" Fctit Haniwl d'ADeUh^is ChicntHicalii," Farii, IBM, p. 194), to 
irhich tha reader Is rafetred Cor greater d 
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the pulse accelerated, and the heart's action somewhat w 
ened. The pupils dilate. The return to coDseionsness a 
withdrawal of this ether is very rapid. Vomiting ia said 
to occur frequently during the administration, and even to 
contiuue for some hours after. Blood -pressure, accordinff 
to H. C. Wood, ia slightly reduced by small, and very non»» 
siderably by large, dosea of this agent. -fl 

Deatha from bromide of ethyl are due, according mH 
Wolff and Lee, to cardiac failure ; but these atatements 
are denied by some observers. Ott, on the other hand, 
believes etbyl bromide kills by direct action upon the 
respiratory centre, and does so whether it is injected in- 
travenously or is inhaled. The heart-failure, be thinks, ia 
secondary to the interference with respiration. According 
to Ginsburg, this fall of blood- pressure is due to paralysiB 
of the vasomotor centres, the vagus centres being unaffected. 
The action of thia agent upon the heart is probably similar 
to that of chloroform (H. C. Wood). Tcher bach eff corrobo- 
rates Wood's results, and asserts that death Ls caused by 
cardiac paralysis and pulmonary redema. Cole was unable 
to detect any effect on the vasomotor system ; he agrees 
with Wood and others in believing that respiration ia 
affected by nction upon the respiratoty centre. 

Method of administpation.— In giving 

bromide of ethyl, air is usually entirely excluded. Turn- 
bull, however, allows some air at the commencement 
of the inhalation. An Ormsby's or an AUis's inhaler 
apparatus answers very well. When an Ormsby'a inhaler 
is used, a drachm or a drachm and a half are poured upon 
the sponge, air being excluded until consciousness ia lost 
(Silk). Anesthesia is recognised by snoring and loss of con- 
junctival reflex. This is usiuiUy reached in half a minute 
to a minute, and at this point the inhalation must be 
stopped. Although it is asserted by some observers that 
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there is little struggling, violent movementB certainly take 
place in some instances. Owing to the great rapidity with 
which consciousness returns (1 to 3 minutea), careful 
attention is needed on the part of an anesthetist to main- 
tain narcosis. The rwpiration and pulse require watching 
throughout the administration. No prolonged operation 
should be attempted under ethyl bromide; even when it is 
given intermittently authoritie.'i agree that the inhalation 
should not be continued beyond forty minutes. It is, 
however, best adapted for quite short operations. 

Hartmann and Bourbon adopt the following plan i 10 
to 15 grammes (2-3 drachms) are placed on a compress, 
and as soon as the patient grows used to the odour the 
compress is placed tightly over the mouth and nose. If 
any struggling occurs, the patient ia held in the recum- 
bent posture for a few seconds, when he becomes quiet. 
Br a doKen breaths, i,e. in about 
Inhalation must now cease, or severe 
muscular convulsions become developed. When an opera- 
tion cannot be completed in about one to two minutes, one 
or two inhalations of the concentrated vapour are given ; 
then air is admitted, to be followed, if necessary, by further 
inhalations of the ansesthetic. It seems, however, safer to 
give only one dose, and to follow it by ether. 

Terrier adopts the following method : A few drops are 
poured on at a. time, all air being excluded, and more 
bromide of ethyl is added guttatim when the last dose 
has evtiporated. When air-exclusion is not practised, this 
anEesthetic can be exhibited from a Skinner's or other 
mask. In this method a considerable quantity of the 
anicsthetic is used. Turnbull, who was one of the first 
to employ bromide of ethyl and to study its action, uses 
a towel folded into a cone. He pours into the 
to 150 drops in the case of an aduH, and 50 to 100 
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in that of a chilil. Kochor of Beme, according to Dr. 

fluggard," employs this agent before ether. Ho suggests 
15 to 30 grammes (3 to 6 drachms) at a time as one dose. 
As Goon as the signs of narcosis appear ether is substituted. 
Very weak or anemic people and youug cliQdren are 
considered by Kocher to be Imd subjects for this method. 
Alcoholism and Bright s disease are contra indicatiooa ia 
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Cases suitable 
fop ethyl bpo- 
mide. — ^HURT Opera- 

AIlNOR feUROERT. In 

Jpiital operations the 
mpiditv with which the 
pitient shakes off narcosis 
lenders bromide of ethyl 
ft httle more value than 
nitrons oxide, especially 
as it IS less safe Its use 
in dentistrj bab recently 
be on strongly advocated 
in Germany Dr. Silk 
also speakei favourably 
of it, but the frequency 
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pleasant after pffects which he states occuired among hia 
patients, would seem to detract fiom its value in dentistry. 
Tumbull extols its use in midwifery, as it rapidly 
induces unconsciousness, and recovery la also speedy. It 
must not be forgotten, however, that when bromide of 
ethyl is given, even in small doses, much muscular spasm 
results, an undesirable phenomenot 

' lanerf, Soptsoiber 12, 10O3, p. 745. t Mado by Meaa 
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Dangers resulting from the use of 
bPOmlde of ethyl.— Eight deaths are stated to have 
resulted fvoni its admiiuBtration, but some of these were 
in reality due to impurities contained in the sample used. 
Deaths have occurred, however, when the pure drug has 
been used ; so I am disposed to agree with Professor Wood,* 
who regards this agent as equally dangerous with chloroform. 
Cases of death due to inhalation of bromide of ethyl have 
been recorded in which visceral degenerations were noted 
(Reich and Flatten). A, B. Kel]y,t who has used this agent 
extensively, bad thirty samples examined, and 60 per cent, 
were found to be unfit for anresthetic purposes. The 
importance of obtaining absolutely pure specimens cannot 
be over-estimated. I believe Messrs. Duncan h Flockhart 
have undertaken the manufacture of tbli agent, so as tfl 
ensure its purity. Even pure bromide of ethyl, however, 
rapidly deteriorates when exposed to light, and must be 
then discarded, 

Pentalt — Trimethylethylene was described by Von 
Mering as an antesthetic in 1887, and has been widely 
used in Germany for brief operations. Amylene, an agent 
which was employed with some success by Snow in 1856, 
agrees in many of its physical and chemical properties 
with pental. It is cot now used. 

AclininiStratlon.^Pental is given with the same 
precautions as in the case of chloroform. Hollander J; em- 
ployed Junker's inhaler in its exhibition. Mr. Constant, 
of Scarborough, has used pental in dental surgery, 
exhibiting it from a Clover's regulating ether inhaler. Dr. 
Stallard, of Manchester, has used pental in 130 cases; 
he also adopts Clover's inhaler, pouring in two drachms 

* ThtTO^Mtia, \m>, p. 109. 
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and excluding all air until unconsciousneaa ia obtained. 

The lid reflex was only lost in deep narcosis. The breathing 
under pental becomes almost imperceptible; cjanoais and 
stertor are rare. The induction period is about 57 seconds, 
and the nntcsthesia la^ts 76 seconds. 

AfteP effects. — Muscular contractiona, eofeeble- 
ment of the heart-action, and respiratory Bpasm. were 
noted. Dr. Stallard has met with one fatal case. The 
dangers of pental are summarised by this observer: 
(1) Its insidious action renders it very difficult to avoid 
giving an overdose ; (2) tendency to make the patient 
scream; (3) tendency to respiratory failure; (i) causes 
cardiac failure. Breuer (Vienna) had one threatened 
death from respiratory failure in 120 cases. He found 
the anffisthesia too slight for the reduction of disloca- 
tions. Both Sehede • (Hamburg) and Sick f have noted 
casualties under pental. According to lUeindeinst, 
albuminuria, htematuna, and bsemoglobinuria may follow 
its inhalation. Cerna found marked fall of arterial 
pressure ensued upon its inhaliition, while Gurlt's 
Btatistics gave pental a deitth-rate of three fatalities in 
600 narcoses. In spite of these alarming statements we 
find Philip,} from his experience in the Kaiser Friedrich 
Children's Hospital, Berlin, strongly in favour of pentaL 
He met with no serious after-effects. 

The advantages claimed for pental over other an«e»- 
thetica appear to be more than counterbalanced by its 
dangers, which seem to depend upon the drug itself, and 
not upon any faulty method employed. At best it is 
only of use in short operations, and only when a superficial 
narcosis is required. 

• "OoDgma dflT donlBch. Geflallaob&ft f. Chir, zu IlBflin," Berlin. kUnitcht 
Wash., AoguBt 1, isas, p. 7M. 
t DciUich. Midicin ITmAsH., Nq. 20, 1893, p. 4SiJ, and No. 22, p. sr" 
1 ZciUch./. Xi-nitrhcHk., Bd. ui., iv., ie»3. 




ETHIDENE CHLORIDE. 

Tpeatment. — The steps requisite to avert sucli a 
dentfi are similar to those described under " Accidents 
during the Administration of Chloroform." 



Ethidene Chloride. 
Ethidene chloride (ethideiie dichloride), more properly 
ethilidene chloride, CSH4CI2, was first used by Snow in 
]851, and Clover recorded 1,877 cases with one death. It 
is very liable to decomposition ; its boiling-point is not 
uniform, while its physiological action is such as to indicate 
that it affects injuriously both respiration and circulation. 
Clover administered it, using his ether inhaler, and employed 
) nitrous oxide. As this anaesthetic is 
1 used, the reader should consult the writing 
of Clover, Liebreich, lfl,ngenbeck, Sauer, and Stiffen for 
details. 
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CHAPTER VII. 

AN^ffiSTHETIC MIXTURES 
AND SOLUTIONS. 

These are of two classes : (I) C-ombinations of the alcohol J 

or etberea,! series; (2) Alcobolic or ethereal amesthotics 1 

used in conjunction with alkaloids or other agents. 

The best known and most useful of the first claas 1 



fc 



The A.C.E. Mixture. — Composed of 1 part alcohol 
sp. gr. -SSS, 2 parts chloroform, ep. gr. 1-497, and 3 parte 
ether, ep. gr. 735. 

The C.E. MiXTDKK. — Compound of 2 parta of chloroform 
and 3 of ether. 

Billeoth's Mistube. — 3 prtrts chloroform, 1 each of 
alcohol and ether. 

The Vienna Mixture. — 1 part of chloroform to 3 of 
ether. Richardson " gives the formula for this mixture 
as 8 parts of ether to one of chloroform in hot, and 6 parts 
of ether to 2 of chlorofoi-m in cold, weather. 

The Mixture recommended by Linhart. — 1 part aloohol, 
4 chloroform. 

Professor Sohafer advocates a Mixture of 1 Tolume 
alcohol and 9 volumes chloroform. 

" Methylene." — ^Methylic alcohol 30 per cent, and 70 
per cent, chloroform (Eegnauld and Villejean), 
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SchLEICH'S SOLUHONB— 

Chloroform 
Sulphuric ether . 
Petroleum ether 



No. 1. No. 2. No. 3. 

45 parts. 4a parts. 30 ports. 
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15 



15 



The A.C.E), mixtupe, which was originally p 
by the late Dr. Gleorge Harley, was strongly rewimniL-nded 
by the Aiiiesthetics Cominittee of the Eoyal Medical 
and Chiriirgical Society ot Londou. They speak of its 
action as midway between that of chloroform and ether. 
It has been largely used in England, and although not 
without objections, is a good substitute in many cases 
when ether cannot be taken. The main diawback to 
the employment of this and all other mixtures is that 
the agents employed in their formation do not evaporate 
in the ratio in which the fluids are mixed, and hence 
it is impossible to be quite sare what pei-centage vapour 
of chloroform is being inhaled. The liability to this 
irregular evaporation may be minimised by evaporat- 
ing one di'achm or a half-drachm at a time. When 
used in these small quantities the evaporation discrepancy 
is of less importance. To obviate this difficulty, Ellis * 
proposed to blend the yapoui's of alcohol, chloroform, and 
ether in a specially constructed apparatus, and so ad- 
minister a true vapour mixture to the patient. The 
arrangement he used is too complicated for practical pur- 
poses, and his method has never been received with much 
favour. In three chambers, known weights of the 
aniesthetics wei-e evaporated ; these chambers could be 
made to communicate at will with a common chamber, and 
from this the patient was antesthetised. Dr. Gwathmey t 
has revived Ellis's suggestion and has invented a practical 



890 ANESTHETICS. 

apparatas. This cousists of three siK-otince bottles, in each 
of which are four tubes of various lengtha, one reaching the 
bottom of the bottle, another just perforating the stopper. 
Thene.tiibca are aafiumed to represent four vapour streugths. 
Air or osygen is forced through these tubes by means of a 
hand' pressure ball — a» in Junker's apparatus— and the 
amount is assumed to be determined by the degree of com- 
pressure exercised. The accuracy of the instrument was 
t«ated by experiments, but the.se appear to lack precision, 80 
that I think tbe dosage obtained must be accepted as being 
only approximate. A somewhat similar idea is carried out 
by Tyrrell's double bottle method. The vapours of ether 
and chloroform are made to enter a common face-piece by 
an arrangement whereby two Junker's apparatus are made 
to pump the vapours through the tubes (see below). 

The late Mr. W. Martindale has proposed an admirable 
volumetiic mixture, tbe ingredients of which evaporate 
almost niiiformly. It con.sists of absolute alcohol, sp. gr, 
■795, 1 volume; chloroform, sp, gr. 1497, 2 volumes ; pure 
ether, sp. gr, '720, 3 volumes. 

Method of einployinent.~This ancesthetic 
mixture may be given in a Eendle's mask, a cone, or by 
the open method. When a cone or Eendle's mask is used, 
it ia best to use about a drachm, and add a fresh supply 
when the first has evaporated. I find Allis's inhaler also 
answers well. Junker's inhaler, fitted with the flannel 
mask, is very convenient for giving the A,O.E. mixture to 
children. With the open method, much ether vapour 
escapes into the surrounding air, causing inconvenience 
and delay in the onset of insensibility, and further render- 
ing the mixture relatively rich in chloroform while deficient 
in ether. In the case of children and very nervous persons, 
it is a good plan to give the A.C.E. guttatim on a mask 
or corner of a towel, replacing it by the inhaler when the 
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patieot has become unconscious. Although this solution is 
sometimes given from a " Clover's " inhaler without the bag, 
the methoi3, I tliiok, is not free from danger even if the 
inhaler ia constantly lifted from the face and air very 
freely admitted.* The fact that chloroform is present in 
the mixture makes it obligatory that plenty of air be 
allowed the patient, to effect which the cone or inhaler 
should frequently he raiaed from his face. Both respiration 
and pulse must be carefully noted, as fainting and aephyxial 
troubles may occur during the employment of the A.C.E. 
mixture. The signs of anseathesia are those given under 
"chloroform." Duskiness is common and is due to insufficient 
air. Stertor should not be permitted. Patients who will 
not tolerate ether often take A.C.E, well, but in its use it 
must be remembered that unless a considerable amount of 
air is given, respiratory difficulties are sure to arise. 

Aftet^efFCCtS are much the same as those of chloro- 
form or ether, although they are commonly slight. Deaths 
have occurred during the use of the A.C.E. mixture, and 
have been attributed both to respiratory and cardiac 
failure. PhyBiologically the A.C.E. solution resembles 
chloroform antagonised by the alcohol it contains. This 
antagonism reveals itself in the maintenance of the height 
of blood-pressure, and in keeping the respirations at a force 
and frequency very little less than normal. 

The C.E. mixture is simply the A.C.E. solution with the 
omission of the alcohol. It is employed in the same way 
as the A.C.E., over which it possei^ses no advantage. 

The research of Schafer and Scharleih f shows conclnsively 
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that the C.B. mixture is \msnA apon k wholly falladons 
theory th&t the alcohgl in the A.C.E. mixtore is raeiely 
a menHtrutim, and the ether in the C.E, mixtare exerts a 
stimulant action upon the ciruulation. They pn>ve that 
the C.E. mixture acts precisely like chloroforia of similar 

strength, that the ether exercises no indepeDilent nction 

is, in fact, a mere diluent, Nor is this all. They found, 
further, that the A. C.E. mixture owed its undoubted merit 
wholly and solely to its alcohol (16-3 per cent.), while its 
ether was, as far as btood-pressui'e went, a negligible 
quantity. The proportion of 1 in 10 alcohol to chloroform 
in their hands gave better results than did the lar^r 
amounts of alcohol. In fine, their results indicate that 
the C.E, mixture is more dangerous than the A.C.E. is 
about upon a level with diluted chloroform, and when 
employed without complete admixture with air is to be 
avoided; that the A.C.E. mixture posaessts no advantage 
over the alcohol chloroform mixture (1 in 10), and should 
be replaced by it. These remarks apply with equal force 
to RichaPClsoil's mixture (alcohol 2, chloroform 2, 
and ether 3 parts) and the Vienna mixtUPe (chloro- 
form 1, ether 3 parts). 

BillPOth'S mixture (alcohol 1, ether 1, chloro- 
form 3 parts) may be considered as an alcohol-chloroform 
mixture of 20 per cent, alcohol which, from what has 
been said above, possesses no advantages over the 1 hi 
10 mixture. If used at all it must be given in the 
same way as diluted chloroform, and with the same 
precautions, 

Typpell • employs the apparatus depicted below 
to effect the commingling of air impregnated with 
the vapoup of ehlopofopm and that of ethep. 
The tubes are so arranged that the administrator can 
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give as much of each vapour as he deciiilee is required 
for the caae. One pair ot bellows controls the two 
bottles, a Y-shaped piece with a little graduated tap 
on each bifurcation of the Y being inserted 1 
while a similar Y-shaped piece allows the passage of 
the vapour from each bottle to a single tube which 
is attached to the face-piece. Before commencing the 
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inhalation the tap controlling the ether supply is adjusted 
so that only as much ether vapour will escape aa can 
In the case of a child less ether is 
allowed to pass. This tap is left in this position, but 
the tap on the bottle cutting off the ether is closed, and 
only opened if iu the course of the administration of 
the chloroform, conducted on ordinary principles, ether 
is required. 
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AlCOhol-ChlOPOfOPm mixtUPeS. — Schafer 
■nd Scharlcib* have shown ilie superiority of tfiese over 
mixtures coDtaining ether. The one they found moet useful, 
aa it produced chloroform effects, and jet Hntagoiiised its 
dangers as far as the fall of blood- preesare and ecfeeble- 
ment of the resipiration are concerned, \a comjiosed of one 

volume alcohol in ten of the mixture. It is 

adiniriiKtered in the same way a£ pure chloroform, and 
witli the pame precautiott«. 

Llnhart'S mlXtUPe (20 per cent, alcohol) is 
employed similarly. It contains more alcohol than is 
necessary, and gives lesn good resulte than the 10 per 
cent, mixture. 

Methylene, or " bichloride of methylene," is stated 
hy Begnaiild and Villejean to be merely a mixture of 
methylic alcohol {30 per cent.) and chloroform (70 per 
cent.). It is Beldom used at the prMent time. It 
may be given from a Junker's inhaler. It is inferior 
to the above mentioned alcohol-chloroform mixture, and is 
leHS safe. Several deaths have occurred during its use. 

Schleich's solutions fop gfenepal ances- 

thesi&- — The rationale of these solutions lies in the 
aMsumption that the rapidity mth which aniestbesia can 
be obtained and the permanence of tbe aniesthcsia depend 
upon the boiliug point, or temperature of masdrnmn 
evaporation of the ogent which ia inhaled. It ia assumed 
that by altering the temperature of maximum evaporation, 
so as to make it nearly coincide with the blood heat, it 
would bo possible to regulate the intake and elimination 
of the anajsthetic vapour in such a manner as to maintain 
anteethesia without over-narcotism, since the elimination 
under Buch conditions would prevent accumulation of the 
anseethetic in the blood, Schleich proposes three solutions: 
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No, 1 for light, No. 2 for nietlinni, and No. 3 for deep 
anKstbeaa. These are : — 





No. 1. 


No. 2. 


No. 3. 


Chloroform . 


46 parts. 


43 parts. 


30 parts. 




180 „ 


lEO „ 


80 „ 


Ether (petrolenm) 


16 „ 


15 „ 


15 „ 


Boiling point . 


38° C. 


40° C. 


^2=c. 



The petroleum ether employed must have a bailing 
point between 60° and 65° 0., and a ap. gi-. between -670 
and '700, since the common commercial kind indncea deleteri- 
ous effects when inhaled for any time. Willy Meyer (New 
York) and Maduro (New York) have employed the solu- 
tions, and were favourably impressed by them, but their 
experience does not seem to have been that of othera who 
have employed these solutions. 

According to Rodman,* the induction of anesthesia took 
from fifteen to twenty minutes. The solution, although 
causing some excitement, compared favourably with ether 
in this respect, and also produced more complete muscular 
relaxation. There was also less irritation of the mucous 
membranes. The early disappearance — presumably before 
true antesthesia — of the reflexes, especially the ocular, is, 
he thinks, a drawback, as the anfesthetist loses a valuable 
guide. The patients, after inhaling No. 3 solution, became 
cyanosed, the pulse slowed and grew weak, the pupils wei-e 
dilated, while the i-espirations wei-e shallow and rapid. 
Eventually the cyaoosia became general, the breathing in- 
freqiieut and feeble and, with httle warning, stopped alto- 
gether. This occurred in sis cases which he witnessed, while 
in others profound circulatory depression, with heart failure, 
were seen. Eetching and vomiting were, Kodman contends, 
as frequent as with other anaesthetics, nor was the return 
i more rapid or freer from in( 

!. Kk, (Now York), Oct, 1, 18' 
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Sclileich appears to regartt the recovery tts like thiit 
oae awakening from slumber. Upon the lunga 
kidneys the effects were much the same as with ether. 
Bronchitis, followed by pneumonia, occurred 
cases, being in some instances fatal. Khinitis and con' 
junotivitis were observed as sequehe, and in three antece- 
dently healthy persons albuminuria, with casts in the urine, 
followed the inhalation of the solution. Rodman further 
records a case in which heart failure of the moat pro- 
nounced nature resulted from inhalation of No. 3 solution.* 
It would appear that after a somewhat extensive trial ol 
Schleicb'a solutions their use has become very much 
restricted. 

Wertheim'a solution (1 part chloroform, 1 part petroleum 
ether, and 2 parts sulphuric ether) has been used in this 
country by Dr. Probya Wiiliams.t It was administered 
from a mask — a modified form of Skinner's frame — and 
the experience gained from a limited number of cases is 
said to be favourable. Dr. Silk's % esperience ot Wert- 
heim's solution has led him to believe that the peti-oleum 
ether which it contains is inoperative, so that the solution 
ia practically one of sulphuric ether and chloroform. As 
such he considers it has some merits. 

Chlopoform and ether in vapious 
combinations and sequences.— A great 

variety of combinations and successions oE these, besides 
those mentioned above, have been proposed from time to 
time, but need no special mention. (See chapters on 
Ether and Chloroform.) One point, however, must 
again he dwelt upon, and that is that either in the case 
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of ehlotoEorm given before efcher, or vioe versd, great 
«are and wdtchfulnesa must be employed, sioeo in the 
one case the reaction from circulatory depression to cir- 
culatory stimulation, and in the other from circulatory 
stimulation to vasomotor depression, may produce bad 
effects and even lead to accidents. Professor Jullinrd • 
regards the plan as one " combining the dangers of 
chloroform with the inconveniences of ether." 

A.C.E. mixtupe followed by ether op 

ChlOPOfOPm. — See articles on A.C.E. Mixture, Ether, 
and tihloroform, respectively. 

NitPOUS oxide and etheP.— This combination 
is fully described under "Ether," p. 148. It is the 
best method of producing general autesthesia. When 
■complete unconsciousness has been attained by giving 
nitrous oxide, the duration may be prolonged by allowing 
the gas to pass through the ether ; or, by turning off the 
gas altogether, the patient may be kept anaesthetised 
by ether for a lengthened period. The objection urged 
by Terrier and Periiiret that the vapours are liable to 
explode is, I think, purely theoretical, unless through gross 
carelessness the mixture is allowed to become strongly 
heated. 

Clover's gas and ether apparatus enables one to 
regulate the supply of gas or ether with a nicety and 
precision unattained by any other instrument. When 
chloroform is not given by means of an accui-ate regulating 
inhaler, it is an excellent and safe plan to iudiice aufesthesia 
by this method and maintain it by means of chloi-oform. 
The precautions and dangers incident to this method ai'e 
those fully described in the chaptei-a upon Nitrous Oside 
Gas and Ether. 

- " L'^ther est U ]>i^<S»b]a aa Chlocofonue," Rti; Med. de lu Soiae Ro:i^,^:xd., 
Febniiirj. 1B81. 
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The chloride of ethyl and ether se- 
quence is ilescribeil on page 269. It is ad iilternative 
to the iiitixiua oxide-ether metbod, 

Bpomlde of ethyl and chlopofopm.^The 

employment of these drugs in fmccexslon^ simiUvrly to 
nitrous oxide before ether, ia, according to Terrier and 
Piraire, extremely useful. Otis (Bostoa) hafi suggested 
ethyl bromide 1 part, chloroform 3 parts, and alcohol i 
parts, and has employed it extensively in general and 
obstetric surgery. 

Bpomide of ethyl followed by ethep.— 

This method in advocated by Kochcsr of Berne. 

ChloFofopm vapoup with oxygen-— This 

obvious combination was employed veiy early in the 
history of the antesthetic. It has moie recently been 
revived by Neudorter and others. I have made many 
experiments with this combination, and although I cannot 
find any true physiological antagonism between chloroform 
and oxygen, such as ia asserted by some, there is no doubt 
in my mind that for persona with tendency to becom.e 
cyanosed or congested, the employment of oxygen with 
chloroform is muet useful. I have used the oxygen pari 
passu with the chloi-oform without attempting a definite 
percentage dilution. Neudiirfer employs 10 per cent, by 
the use of a special apparatus. A special apparatos is not, 
however, necessary. It ia extremely simple, by connecting 
the oxygen supply bottle with a nasal or mouth tube, to 
give as much or as little of the gas as the patient requirea 
Kreutzmann makes use of Junker's apparatus, pumping 
oxygen instead of air through the supply tube. There ie, 
however, a danger in this proceeding. The supply of 
oxygen to the patient prevents the appearance of cyauoais, 
and chloroform may be pushed until the respirations Etop 
through overdosing the respiratory centre. 
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The value of oxygea givea with chloroform cooaists in 
obviating any intercurrent asphysial condition, caufdng- 
rigidity, cyanosis, a,nd impaired breathing. It does not 
antagonise the action of chloroform on the heart or nerve 
centres, although it protects the patient from the double 
dangers which arise when chloroform ia inhaled while 
his blood ia in a condition of undue venosity. The- 
destructive properties of chloroform are still in action, 
and over-dosjige is as liable to occur with as without 
oxygen. 



MiSTUHB OP Cheorofohm or Ether with 

AiKALOIDS, ETC. 

Chlopofopm and mopphlne. (Nusabaum). — 

Nussbaum, of Munich, was the first to employ this method 
in Germany (1863). He injected morphine during chloro- 
form narcosis, Claude Bernard had studied it experiment- 
ally some years later (1869), Laving had occasion to give 
morphine to a dog recovering from chloroform. The use 
of morphine to induce sleep before gi^'ing chloroform ia 
usually attributed to two French surgeons, MM, Guyon and 
Labbe. Injections of morphine, gr. J to ^, or even in 
larger doses, given hypodermically half ao hour before 
the inhalation of chloroform, are stated to posaees the 
following advantages : Less chloroform is needed, while 
the narcosis ia more prolonged. Drunkards, neurotic 
persons, and those who are but little amenable to 
chloroform alone, after a dose of morphine soon become 
anfesthetic. The patient is usually more completely re- 
laxed and passive, the breathing is quieter, and it ia 
atated (Kappeler) that the depressant action upon the 
heart is diminished. This statement is, however, hardly 
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borne out by modern research. The stage of excite- 
ment ia shortened, although in some cases if the 
morphine is administered immediately before the inhalation 
the period of exdtement ia prolonged. Cerebral circulation 
while under morphine is markedly weakened, so that for 
operationK involving the opening of the meninges and the 
cutting of the brain substiince, thie combination is moat 
valuable. On the other hand, Horsley has pointed out, 
the use ot morphine increases the danger of respiratory 
paralysis in patienta whose respiratory centre is affected 
by disease. 

Vomiting ia more frequent when morphine is used. 
Poneet, from a wide esperience during the Franco -Prussian 
war, abandoned the method, owing to the frequency with 
■which prolonged stupor and dangerous depi-esaion of the 
temperature occurred after its use, and his experience 
coinddes with that of Deraarquay's experiments upon the 
lower animals. 

Quibert de Saint-Brieuc* has employed this plan with 
great auccess in cases of difficult parturition. 

After morphine has been injected, it is important to 
restrict the amount of chloroform given ; indeed when the 
patient is once fully narcotised, very little more chloroform 
will be needed unless the operation be a very prolonged one. 
Care must be exercised that only a weak vapour is need, 
since the patient will take but httle notice of ita pungency, 
and eo one of the usual safeguards is lost. When severe 
hfemorrhage is likely to take place into the pharynx this 
method ia dangerous, as the patient is roused with diJfieulty, 
and the loss of reflex action increases the danger of blood 
entering the lungs. 

Eegnier asserts tbat the morphine, by lessening the 
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eKmination of the chloroEorin, predisposes to over-dosage. 
He lost one patient when this method was used, DaBtre 
points out the liahility to respiratory failure when mor- 
phine is used. 

Demarquay has very justly indicated that the chief 
danger of this method of mised anaesthesia lies in not 
limiting the dose of the antcsthetic and of the alkaloid with 
sufficient care ; large injections of moi-phine preceding 
chloroform administration certainly involve the risk of 
producing asphyxia througli paralysis of the respiratory 
centre. The injection should be made, if at all, half or 
a. quarter of an hour before the inhalation. If much 
albuminuria exista it is better to use chloroform without 
morphine. Under no circumstances should this method be 
employed tor children, since morphine acts very deletei'ioiisly 
upon them. 

Morphine, atropine, and chloroform.— 

It was pointed out some years ago that atropine, in para- 
lysing the vagus, might be a valuable antidote to chloro- 
form, by preventing reflex inhibition of the heart through 
the vagus. I have found the addition of gr. y4j. of 
atropine to gr, ^ of morphine to he an advantage, when 
the later alkaloid is employed synergetically with chloro- 
form. It must be noted, however, that the morphine 
antagonises the atropine and lessens its value as a, safe- 
guard against vagal inhibition. 

This plan, which goes by the name of the Dastre-Morat 
method in France, is said by its inventors to be safer than 
Nussbaum's method. Aubert, of Lyons, employed it in 
practice and speaks well of it. The injection is made 15 
or 30 minutes before the commencement of the operation. 
The mixture Dasti-e recommends is Morph. Hydrochlor. 
10 centigrm., Atropin. Sulph. 5 milligrm., Aq. destill. 10 
grammes, 1 cubic centimetre or 1'5 o.c. being injected. 
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The use of atropine in this way lessons the after-aicknea 
salivation, and bronchial secretion. Terrier and P^raire'a 
experience at the Hopital Biohat wus, however, far from • 
encoui-agiug. Their patients were profoundly narcotised, 4 
were awakened with difficulty, subsequently passing into a .1 
restless condition, they became faint almost to syncope^ 1 
cold, and blnuched with feeble respiration." Claude Ber- | 
nard and Laborde employed narceiue and other opium alka^ 1 
loidal Ijodies with chloroform, but I have had no experienos f 
of their use. 

MOPphine and ether.— Julliard, of Geneva, in J 
all prolonged operations gives a hypodermic of morphine 
(1 centigramme for men, half this dose for women) 20 ' 
minutes before the inhalation of ether. He restricts its n 
to adultfl. The method is said to possess disadvantages and 
to prolong the stage of excitement. It may induce very 
violent struggling and inci-ease the after -headache, pros- i 
tration, and vomiting. Kappeler, who has experimented 
with this mixed method, states that he has completely 
failed in several cases in which he nttempt«d to narcotise 
patients with ether subsequently to hypodermic injectiooB 
of morphine. My experience does not bear out Kappeler's 
assertions. Certainly in the case of the emphysematous 
the method possesses advantages. 

Atropine befope Chlopoform.— Schafer,t 

relying upon his experimental investigations, asserts that 
TW g'"- to A Sr- of Atropine in the cdse of an average 
male adult, and given hypodermicully half an hour before 
chloroform is inhaled, greatly lessens, if it does not remove, 
the greatest dangers of that aiitesthetic. This dose will 
paralyse the vagus and so prevent vagal inhibition of the 
heart. The subject is dealt with subsequently ii 
chapter on " Accidents." 
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ChlorofOPm and chloral.— The preliminaty 
giving of chloral was first employed at the Hotel Dieii by 
Dubois.* 

Perrin used as large u dose of chloral as gr. 45 for adults, 
given one hour before giving chloroform. 

Dastre gives 2 to 5 grammes of chloral an. hour 
befoi-e iidministering the chloroform by inhalation, t He 
explains the action of the agents thas ; the chloral, 
acting as an hypnotic, composes the patient to sleep, and 
the tranquillity and lethargy of the patient enable the 
admiaiatrator to maintain true antestheaia by the use of 
a small quantity of chloroform. The plan has been fully 
tried by Dolbeau, Guyon, and others, and they find the 
patients remain cold, faint, and collapsed for hours after 
the inhalation, and are peculiarly liable to bleeding, owing 
to the rela,xation of the vessels. Thei-e is no doubt in my 
mind that the method is fi-aught with danger, owing to 
the action chloral has upon the heart. Trelat adds 
morphine to the combination, and thereby, I think, 
increases its danger. 

More recently scopolamine has been recommended 
for similar i-easons. It is chemically identical with hyoscine. 
Ten'ier, who has employed this agent combined with 
morphine, injects gr. ^^ of scopolamine with gr. \ of mor- 
phine in m. 17 of distilled water. One injection is made 
4 hours, the second 2 hours, and the last 1 hour before 
the operation. In many of the cases recorded the sleep 
thus induced sufliced, but in others a small quantity of 
chloroform was given at the time of the operation. The 
drug readily undergoes decompaiition, increases luemor' 
rhage, and causes some miiacular rigidity. 

Cocaine and chlopofopm (Obalinski). — The 
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plan recommended is to allow the patient to inhale chloro- 
form in the ordinary way untU he is sUghtly under its 
influence, and then to inject cocaine hypodermically. 
The dose is given as gr. § to gr. ^ of a 3 per cent, solution. 
It is claimed that less chloroform is required, and that 
fewer "after-effects" follow the use of the combination. 
However, cocaine does not antagonise chloroform, as ia 
sometimes stated, but tends to increase the risk of heart 
failure, so that I think Obalinski's method is not to be 
recommended. 

Bosenberg paints the nasal mucous membrane with 
cocaine before giving chloroform, as he contends this 
obviates reflex cardiac inhibition due to irritation of the 
fifth pair of nerves by the chloroform vapour.* 

^ Btrlintr Klin, Wochensch.t Jan. 7 and 14, 1895. 
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CHAPTER VIII. 

ANESTHETICS IN SPECIAL SURGERY. 

The choice of the anfesthetic has been discussed already ; it 
now remains to consider such special methods and precau- 
tions as may be required to obtain satisfactory anEesthesia 
during the performance of special operations. 

Operations on the brain and spinal 

COPd. — The method which answers beat when the brain 
is being operated upon ia to employ chloroform from the 
Vernon Harconrt apparatus shown in fig. 34, p. 204. It is 
often extremely difficult to obtain antesthetic sleep in patients 
who have taken large quantities of narcotic drugs, and the- 
induction period, in these cases, is often longer than 
usual. An y attempt to shorten the induction period by 
using strong percentages is extremely dangerous. On the 
other hand, many persons who have to be operated upon for 
braiu or meningeal disease are, at the time of taking the 
aniesthetic, very prostrate and semi-comatose, or suffer 
from the results of intra-cranial pressure. These conditions 
render interference with the circulation and respiration 
dangerous. The patient, when once anasthetised, will often 
remain so with very little or even without any more of 
the anieathetic. As a rule, when the intm-craniai pressure 
is relieved the respiration greatly impi^oves, but until the 
cranium has been opened and the dura mater incised, 
breathing may be very unsatisfactory, and even may cause 
alarm if, owing to the steps of the operation, increased 
pressure occurs. When the breathing is at all hampered 
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tbe chloroform should be withheld altogether for a time. 
When the breathing improves more chloroform can be 
given, care being taken iL^t the strength of the vapour is 
fta slight as is conaiatent with mainteniince of antesthesia. 
In operation^jjiupon the cepebellum, the dangers of 
respiratory failure and shock are- even more imminent, 
especially if there ia pressure on the medulla. It may 
happen that, as soon as the trephine is applied, the 
breathing ceases. If the patient has been deeply anmsthe- 
tlsed, death is very likely to occur; but if 1 percent, of vapour 
is being inhaled, the chances ai-e in favour of the life being 
saved, since, as soon, as the pressure is relieved, the 
breathing starts afresh, and tlie blood -pressure rapidly 
regains its normal height. I have known cases of cerebral 
and cerebellar abscess in which this respii-atory failure 
occurred ; as, however, only small quantities of chloroform 
had been inhaled the patients recovered, and the operations 
were satisfactorily completed. Ether produces too much 
vaacnlar excitement in the meninges and brain substance, 
and BO is contra-indicated in these cases. In treating the 
collapse — often very severe — I have found inhalation of 
oxygen, raising the temperatui-e of the body by hot bottles 
and towels wrung out of hot water, and hypodermic injec- 
tions of digitaline, to be the most valuable means to adopt. 
The circulatory depression is often extremely severe. 

Opepationa upon the spinal cord pre- 
sent similar dangers, from the point of view of the 
anesthetist, to those which occur when the brain is the seat 
of operation. In them, also, it often happens that, owing 
to the lesion in the cord, the respiration is embarrassed 
ah initio through paralysis of the muscles concerned in the 
respiratory movements. The posture necessary for the 
performance of the operation ia a further source of difficulty 
and danger. Chloroform ehoidd be employed in these 
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oases, and in very dilute vapour, and oxygen freely given 
to avoid any asphyxial complication. When aniesthesia is 
established, no moi's chloroform need be given unless the 
patient begins to regain conaciousneaa or shows signs of 
vomiting. It is often surprising how little — 1 per cent, or 
less of chloroform — ia required to maintain anaisthesia in 
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Anesthetics in Ophthalmic Practicb. 
Most of the operations performed by ophthalmic 
surgeons are done with the aid of cocaine, eucaine, or other 
local analgesics, and the reader is referred to the chapter 
dealing with these substances. When general anasatheaia 
is desired, the choice falls upon chloroform, chloride of ethyl, 
the A.O.E,, or gas and ether. As extreme stillnt 
necessity in operations such as iridectomy, narcosis must 
be of the third degree, and great care must be taken that 
this is maintained lest coughing or straining occur, as this 
might prove most disastrous. Even with gi-eat c 
not always easy to prevent the patient passing into the 
fourth degree of narcosis. This contingency must be looked 
for carefully and prompt measures taken to avoid the great 
danger of overdosage. Many deaths have been caused by 
neglect of this. It is of paramount importance that the 
operation should not be commenced until the patient is 
. profoundly narcotised. When complete ansesthesia has 
been obtained, the mask, or inhaler, can be lifted from the 
face, and as a rule the operation can be finished without 
any further inhalation being required. In very feeble 
or asthenic subjects, I have employed chloride of ethyl with 
success, following it with ether given in an atmosphere of 
oxygen. For biief opeiations chloride of ethyl i 
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very well, but in cases in which after-vomiting is likely to 
prove dangerous chloride of ethyl should be avoided. 



An^sthbtics for Operations about the Mouth, Jaws, 
AND Rehpiratoky Tract, 

For the selection of the anojathetic see p. 48. In Dental 
operations see pp. 67 and 314. 

During the removal of loose sequestra from the jaws, 
ejccision of an epulis, tapping antral abscess, etc., very deep 
narcosis is not I'eqoisite, and chloroform may be given from 
a mask. If the operation occupies more than a minute or 
so, antesthesia should be kept up after removal of the maak 
by the use of a mouth tube connected with a Junker's 
inhaler {p, 218), When the operation is very brief nitrons 
oxide, or ethyl chloride, will amply eulHce. If ether is used 
in these cases, as it is in some pai'ts of the United States, 
the aniesthetic must be pushed so that the patient's blood 
becomes strongly charged with it. When the inhaler is 
removed, chloroform cfin, if need arise, be given by a 
Junker's apparatus through a nasal or mouth tube. 
Oxygen is a valuable help when the patient is taking the 
ether, as it permits more of the anesthetic being taken and 
obviates cyanosis, or venous congestion. When ether is to 
be relied upon solely for operations on the m.outh or nose, it 
is essential to obtain a very profound narcosis by it before 
the operation is commenced. This can only be done by 
allowing a prolonged period of full inhalation. Oxygen 
given with the ether facilitates this, and ensures a more 
lasting and profound narcosis. I have on more than one 
occasion given ether, the circumstances ot the cases contra- 
indicathig another antesthetic, for removal of the upper jaw, 
»nd found the method extremely satisfactory. 
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During- the pemoval of the uppep Jaw 

the patient must be kept deeply iioder the anaisthetic for 
the skin incisions. A choice of several methods exists. In 
the case of feeble people or those broken in health by 
alcoholic excess the induction of antesthesia may be bronght 
about by chloride of ethyl and ether, chloroform being 
given subsequently from a mask. As, however, this plan 
may cause congestion and increase the after bleeding, I 
usually commence with chloroforai, using a Vernon Har- 
eourt'a inhaler, and, when the third degree is reached, give 
a few breaths from a mask, continuing the supply of 
chloroform by means of a mouth tube and Junker's inhaler. 
Some persons are difficult to keep quiet with the mouth 
tube. To meet this, the mask should be apphed, as oppor- 
tunity arises, to supplement the vapour passing through the 
tube. When the skin flaps and soft parts are freely 
divided and dissected up, the patient must be allowed to 
enter the second degree of narcosis, so as to be able to 
cough and prevent blood entering tbe larynx, although he 
should be sufficiently anassthetic as not to struggle. The 
management of these cases needs constant care and some 
judgment. The dangers the chloroformist has to guard 
against are — entrance of blood, teeth, portions of growth, 
spicules of bone into the laryns; and interference with the 
operation by the patient becoming pailiially conscious. If 
struggling occui's when much hemorrhage is going on, the 
danger of the operation is increased greatly. The chloro- 
formiat should see that the spurting of blood from vessels 
is directed out of the mouth ; that the tongue is not allowed 
to fall back ; and that the air enters and leaves the lungs 
freely. If the patient's respiration is embarrassed from 
entrance of blood into the air-passages, the tongue must 
be drawn well out of the mouth, all blood mopped away 
and, failing lelief from this, laryngotomy performed and 



310 ANAESTHETICS. 

the air-passagea clfaredof clot ; subsequently the tube must 
be kept free from clota, etc, by aspiration, or sucking 
them out from the tube. Inversion may be needed. 

Removal of the lower jaw may often be done 
almost completely while the pntient is under ether, the 
ether being given in the manner already described, and 
chloroform administered only just at the last when, in the 
course of the operation, the mouth is opened. This is an 
admirable method. Many surgeons prefer the use of 
chloroform throughout the whole operation. 

In excision of the tong^ue the patient, having 
been aniesthetised by chloride of ethyl and ether, or by 
chloroform, one of the methods already described being 
adopted, chloroform is subsequently administered through a 
nasal or mouth tube. The same pi-ecautiona with regard to 
htemorrhage should be taken as in auRSthetising for r 



much bleeding occurs the 
deep narcosis. In Kocher'a 
intil the floor of the mouth 
n out of the wound ; at tbia 



. of the jaws, 
patient must be guarded from 
operation ether can be used 
is opened, and the tongue draw 
point chloroform is exhibited through a nasal or mouth 
tube. Many prefer the use of chloroform throughout the 
operation. 

When small gi-owths are removed from.the tongue nitrous 
oxide or chloride of ethyl answers perfectly well. The 
nitrous oxide anesthesia may be maintained by using the 
" injector," or Coleman's nasal apparatus, while the sur- 
geon is operating, although the venous congestion which is | 
incidental to these method.^ is a detriment. 

StaphylOPPhaphy.— The chloroform IB given I 
from a modified Junker until the third degree 
narcosiB is fully reached. The Whitehead's gag is then 
fixed, chloroform being inhaled through a mouth tube. 
The tongue depiessor should be so arranged as not to 
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interfere with respiration. The chin ie best tilted up a 
little, as, if it is allowed to drop, breathing is always 
hampered. Aniesthesia can be perfectly well maintained 
in this way until the operation is complete. Mr. War- 
riugton Haward tells me be has used ether successfully 
for these eases, but I have no personal experience of its 
use in this connexion. The hiemorrhage being, aa a rule, 
slight and easily controlled, there is no particular fear of 
blood entering the trachea, and further, aa quietness is 
very desirable in the patient, full surgical narcosis should 
be maintained. Some surgeons employ the semi-inverted 
position for these opei'ations, and this posture certainly 
lessena the danger of blood entering the larynx. 

Operations on the respiratory tract. 
Laryngfotomy or tracheotomy is best per- 
formed when the patient is under chloroform, although an 
operation without complications can be carried out quite 
satisfactorily when chloride of ethyl is given, provided re- 
spiratory embarrassment is absent. When dyspntea exists, 
chloroform should be employed, its use being so restricted 
that the patient is only lightly narcotised. While complete 
antesthesia is requisite, any dulling of the respiratory centre 
is to be avoided. In cases of diphtheria the heart is always 
profoundly affected by the disease, and is peculiarly liable 
to suffer from even slight excess in the strength of the 
chlorofoim vapour inhaled. It is very important in such 
cases to employ a regulating inhaler, so that the amount 
given can be accurately known and the supply cut off 
at any moment. These remaika apply with equal force 
to patients with goitre. When the ansesthetio begins to 
take effect on such patients, stridor usually appears, and 
it is unwise to deepen the narcosis beyond the point at 
which restlessness ia controlled. In cases of suppuration 
involving the tissues about the trachea, as in ang^ina 
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Ludovici, the danger of suffocation is always present, 

iiiid clilorofonu must be given most gnardedly. As a rule, 
these patients, aad thoee afflicted with goitre, do not take 
etber well. Deatlis ha^ve been caused by the use of nitrous 
oxide and ether for persons with obstructed breathing. 
These antesthetica are inappropi-iate and should i 
used for such cases. 

Excision of the larynx. Thypotomy 

requiring a preliminary tracheotomy may be performed 
while chloroform is given by sprinkling it on a flannel 
stretched across a funnel connected with a Hahn's tube, 
or by dii'ecting a catheter over the outlet of the Hahn'a 
or ordinary tracheotomy tube, and pumping chloroformed 
air through it from a Junker's inhaler. An alternative 
is given below. 




Rectal Etheiusatioh in Oral Susoert. 
For removal of the tongue, the jaws, and for staphy- 
lorrhaphy, especially for excision of the larynx, the rectal 
etherisation is far more convenient for the operator than 
the plans named above in which chloroform i.s used. The 
operation can be carried on without a break. However, as 
some alarming and even fatal results have occurred under 
the care of skilled aniesthetists, it must be admitted that 
rectal etherisation is not devoid of danger. In most cases, 
although not in all, the after-effects are slight and not 
lasting. I regard the method as a valuable alternative 
one in suitable cases. When much blood ja likely to be 
effused into the buccal cavity, careful watch will have to 
be taken that it is efficiently sponged out, and does not 
enter the windpipe.* If the aniesthetist is engaged in 
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watching the apparatus at the foot of the opemting table, 
another observer ahowld be statioaed at the head to watch 
the respiration. 

In all these cases the inverted posture of Trendelenburg 
may be nsef nllj employed. 



Eejioval op Pobt-Nasai. Adenoids, Nasal Spurs, and 
Ihtra-Nasal Operations. 

The removal of growths in the post-nasal region gives 
rise to troublesome bleeding. Chloroform, preferred by 
many surgeons, possesses the disadvantage that the patient 
remaiiis longer under its influence, and so it is less easy 
during its use to avoid blood entering the air-passages. 
The narcosis should be very hght, in order that the larynx 
may 1» protected by its reflexes against the entrance of 
blood. Deep anaesthesia iu these cases is most perilous. 

Many authorities assert that the aniesthesia obtained 
by nitrous oxide giveu with oxygen or air is sufficient for 
removal of post -nasal vegetations. In many cases this may 
be so, when the antesthetic is carefully managed and the 
operation is rapid. I have found this method also may 
be supplemented by the use of ether with most satisfactory 
results. There is no objection to the patient being placed 
in a chaii', provided diloro/orm is not given In some nasal 
operations a lengthened period of aniesthesia n required : 
then chloroform must be used in succession to the gas and 
ether, and respired through a mouth tube In delicate 
children who fear "gaa," chlorideofeth^l answers very well. 

The patient, if sitting up, is gnen gaa and ether by 
Clover's method. When gas alone is used, it is well to put 
a dental prop, or Doyen's gag, in position before commencing 
the administration, otherwise much vaUiuble time is lost 
in attempts to open the mouth. When tJie patient is well 
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under etber, the induction being so managed ttat no 
lividity or congestion is present, the mask is removed, the 
gag inserted, and the operation commenced. If the 
patient becomes restless before its completion the maKk can 
be reapplied, the head being tilted forward and flesed, so 
that the blood passes forwards and not into the air-passages. 
If the patient is reclining, chloroform can be given through 
a mouth tube as soon as the operation is commenced, the 
amount being carefully regulated by the requirements of 
the patient, and withheld entirely if any interference with 
breathing occurs. 

As soon as the operation is completed the patient should 
be turned right over on to bis left side and laid with the 
head in such a position that the blood must escape out by 
the nostril and mouth, Some surgeons keep their patients 
on their left side throughout the operation. 

The introduction of chloride of ethyl has given us an 
extremely useful and readily managed anesthetic for brief 
operations on the nasopharynx. It is not so serviceable, 
except as a means of introducing etber and chloroform, for 
prolonged and difficult cases, and had better be n'estricted 
to those which are unlikely to present complications. 

Of course, when the cautery is used in the nasal passages, 
ether must be avoided. In cauterising the turbinate 
bodies nitrous oside or chloride of ethyl can be used. 



Asj:stiietics ik Dektal Suhobry. 
The operations for which an anresthetic is usually needed 

Extraction of teeth. 

Lancing the gums, and tapping the antrum. 

Extirpation of the dental pulp, 

FUling when the dentine is abnormally sensitive. 
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In tooth extraction, nitrous oxids gaa — alone, or irith 
air or oxygen — is the safest and most convenient aniestbetic. 

The technique of the use of an anteathetic is fully 
described on p. 79. 

As a rule, it ia inadvisable to adininiBter gas twice to 
the same patient at one sitting, but if such a thing 
warning of probable after-headache should be given. 

Where prolonged ansesthesia ia required, nitrous oxide 
may be given by the nasal method. I find it convenient 
to commence in the ordinary way with gas, or gas and 
oxygen, and, when the mask is removed and the operation 
commenced, I apply the nasal inhaler and continue the gas 
as long as is necessary. If the patient becomes dusky or 
jactitates, the inhaler is lifted for a breath and then is 
replaced. This plan ia less useful in extraction of upper 
teeth, especially if the lip is short or pulled forward by a 
prognathous jaw. Chloride of ethyl ia valuable in suitable 
cases for prolonged dental operations. With 5 o.c. or 8 c.c, 
according to the patient, an anieathesia can be obtained 
lasting sufSciently long for clearing the jaws. Chlorofon 
should never be given to a patient sitting ttpinght in a dental 
chair. If it is deemed wise to employ chloroform, the 
patient should be seen at his own home, and in bed, and 
the aniestbetic administered with the usual caution. In- 
deed, I think it is best, in every case when an extensive 
dental operation has to be done under an auiestbetic, that 
it should be performed in the home of the patient and 
under ordinary surgical conditions. 



Thoracic Sdrobrt. 
In the surgical treatment of empyema s 
frequently arises in the choice of the 
short operations, such as exploratory aspiratio 
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oxide with oxygen answers very well, and this mixture 
offera many advantages. It is given in the usual manner, 
but lis soon as ansesthesia is obtained, oxygen is freely 
admitted. Many patients complain that the mask increases 
their distress and dyapnrea. Chloride of ethyl is free from 
this drawback and may replace the "gas " in these cases. 

Prolonged opePationSi — Chloroform has caused 
in ft good many instances dangerous and even fatal results 
from syncope, while ether sets up severe cough and respira- 
tory distress. Godlee,* whose experience of these cases 
is very large, advocates chloroform provided it is given 
slowly, and not pushed beyond the second degree of 
narcosis. I believe that chloroform is, upon the whole, the 
safest anjesthetic in thoracic surgery, especially in the form 
of the (1 in 10) alcohol-chloroform dilutiou. It should be 

given by a reffulatingf inhaler, and oxygen 

freely mixed with it. 

Fop Pesection of PibS the patient is slowly 
«n!csthetised, and as soon as he passes into the third 
degree the tissues are divided down to the rib. He ia 
then passed into the second degree, and this suffices for I 
the rest of the operation, If there is a large amount of | 
secretion, the lighter the narcosis the greater will be tha i 
patient's safety. Any change of posture must be carefully ' 
noted, and if the breathing is impeded, or coughing I 
excited, the patient must be replaced in the posture of j 
greatest ease. It is often a good plan in very severe cases 
i.e., when grave fears exist owing to the condition of tha I 
heart and lungs— to push the anresthetic to only the first 
degree, as far as possible maintaining a state of analgesia, 
and always stopping short of true ansesthesia. To combat 
these difficulties I have employed the method of rectal 
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etherisation (y.v.) in thoracic surgery, and hate been 
pleased with the reeulta, especially in the case of children. 
When an empyema communicates with a bronchus great 
care must he taken that the patient does not become 
narcotised so deeply as to hinder free coughing up of the 
puH in his lungs, A great danger arises, when the patient 
is turned on his sound side, lest the pus flow into the 
bronchi of the healthy lung. If this occurs when the 
patient is deeply under the ansestbetic, asphyxia must 
result. Any appearance of cyanosis should be accepted as 
a signal to lessen the depth of the n 



Anesthetics in Abdominal Suilgehy. 
Complete relaxation of the recti and other abdominal 
muficlea is imperative ; great quietude and freedom from 
hurried respiration, coughing, and vomiting, are also 
necessary for operations upon the abdominal parietes or 
viscera. To ensure these conditions, chloroform, the 
alcohol -chloroform, or the A.CE, mixture, is most suitable. 
During the incision through the parietes, the patient must 
be kept fully under the anteathetic, subsequently a lesser 
degree of narcotism is needed until the final skin sutures 
are put in, when deeper ansesthesia will again be 
requisite. Great care must be taken, however, that the 
patient is not allowed to recover sufficiently for the super- 
vention of vomiting. In operations upon the gall bladder 
and its ducts, and in the region of the upper abdomen in 
general, it is often very difficult to effect complete relaxa- 
tion of the parietal structures. This difficulty is partly 
anatomical in origin and partly reflex, due to handling 
viscera. Very commonly sounds, almost like articulate 
groans, are caused reflexly, and that even when the con- 
junctival reflex is abolished, the light reflex sluggish and 
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the pupil contracted. These mtiKt not be allowed to mia- 
lead tlio anesthetist or induce him to deepeu narcosis, and 
so give an over-dose. In cases in which a large tumour 
or collection of fluid or gas is removed from the abdomen, 
and the heart — previously displaced — is allowed to right 
itself suddenly, there is especial danger of syncope, and 
precautions against this must be taken. The head must 
he kept low, and a small percentage of chloroform vapour 
given in order to limit the fall of blood-pressure. Although 
many surgeons prefer chloroform in abdominal surgery, it 
ja by no means advi-^iable to give it in all cases. When 
the patient is much collapsed, or is very feeble, I have 
found ether with oxygen a much better and safer ansesthe- 
tic. Certainly with management it is often poasibie to 
obtain with ether as good, and sometimes even better re- 
sults, than with chloroform. It is necessary that the ether 
should be inhaled for sonie time before the operation is 
commenced, to allow time for comjilete muscular relaxation. 
When the case is very prolonged care is requisite to avoid 
too much ether being taken. This is easily accomplished, 
as, after having been once placed profoundly under ether, 
the patient requires but little more of the anresthetic. In 
cases of intestinal obstruction it is well to perform lavage 
before the anaesthetic is administered. The plan I usually 
pursue is to commence with chloride of ethyl, or nitrous 
oxide, then give ether, substituting chloroform if the 
operation is a prolonged one. I employ a regulating in- 
haler. This method is also useful in extensive operations 
upon the kidneys. 

The rigidity of the recti-abdominis muscles — the bane 
alike of surgeon and ansesthetiat — is very commonly the 
result of cyanosis, itself caused by some reflex or other 
interference with respiration. I have frequently achieved 
relaxation of these muscles by giving oxygen freely with 
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the ohlorofoi-m. In extreme cases I use ether and orygen, 
since ether produces greater relaxation than chloroform, 
and I return subsequently to the use of chloroform. It 
has been urged that the use of closed inhalers is apt to 
prOToke rigidity of the muscles by hampering respiration. 
I am convinced that such a statement ia crue only in part. 
A closed inhaler need not, if properly employed, cause any 
cyanosis. It is only a qaestion of the patient's ability to 
fill and empty the bag attached to the inhaler, and any 
patient who is not very markedly collapsed will be able to 
do this easily ; but if he cannot do so he is not in any need 
of further anffisthetic. This misappre tension about the use 
of closed inhalers has aiisen from, a faulty method of using 
them and from the practice of not admitting anificieut air. 
Persona who are collapsed, and whose respiration and circula- 
tion are, as the result of disease or surgical shock, in a 
feeble and almost failing condition, can be stimulated by 
freely pouring ether upon an Allia's inhaler or even upon a 
maek. As soon as they improve^and they will do so in 
a few minutes — ether and oxygen from a closed inhaler 
can be substituted with advantage, followed, if need be, by 
chloroform from a regulating inhaler. For skin i 
local anfesthesia by Schleich'a infiltration method may be 
used, but the subsequent manipulation of the visiiera gener- 
ally causes pain and may induce vomiting and faintness 
These may demand the nse of a general aniesthetic. 

In the radical cure of hernia and inguinal colotomy, 
ether answers perfectly well. Both these operations can 
in some cases bp done under local atiresthesia, but not if 
the patient is timid and liable to shock. 

Pelvic Surqbht. 
For the usual gyniecoiogical operations chloride of ethyl 
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oues, may bo used. The lithotomy position, especially in 
obese subjects, is prone to cause very pronounced respira- 
tory euibarrassment and, in consequence of this, circulatory 
feoblenesa, not infrequently iadiicing syncope, I know of one 
case at least in which breathing ceased and the patient was 
only restored by being placed horizontal while artifidftl 
respiration was performed, C. J, Bond • (of Leicester) 
has advanced reasons for believing that the displacement 
of the heart due to posture produces marked circulatory 
changes. It is probable that the lithotomy position may 
cause dislocation of the heart, and that the syncope arising 
from this posture is due as much to interference with the 
heart's action as to embarrassment of respiration. 

Operations on the bladder, such as prostatectomy, require 
deep nai'cosis to enahie the surgeon to introduce his fingers 
into the bladder. I find the ethyl -chloride-ether-chloro- 
form sequence is the best for such cases, and that it is 
imperative that the patient should be thoroughly relaxed 
before the operation is commenced. If this is not done, 
spasmodic contraction of the muscles may occur, which ia 
very ditlicult to overcome when once established. 

The Tpendelenbupgf position, used both in 

abdominal and pelvic sui'geiy, will sometimes give rise to 
difficulties somewhat similar to those which occiir in the 
lithotomy posture. When the diaphragm is forced up, 
especially in the case of short, stout persons, duskiness with 
embarrassed breathing and cardiac distress may aiise.f 
These should be watched for, and the position corrected 
before more dangerous symptoms arise. In feeble, anasmio 
subjects, the head-down position is often distinctly helpful, 
but in these, as in all cases, great care is necessary to avoid 
any jerk or suddenness in altering the relative positions 
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of the poles of the patient's body. In some operations 
a rolled pillow is placed under the patient's back to push 
forward the liver. This is very prone to emharrasa both 
rospiration and circulation. It is better, when possible, 
to allow time for the circulation to right itself before tlie 
operation is prooeeded with. 



Rectal Surgery. 
AH operations about the anus and rectum are not only 
very painful, but excite reflex straining and spasm. In 
anaesthetising for such operations, profound narcosis is 
needful. The combination of gas and ether in most cases 
answers well, although it is necessaiy to give enough ether 
to induce absolute muscular Baccidity, snoring respiration, 
and widely dilated pupUs — and further, to maintain deep 
narcosis to the end of the operation. Most authorities 
regard ether as the safest agent for these cases, since less 
reflex shock arises under it than under chloroform. The 

umonly aniemic and in feeble health, and 

and watchfulness. 

re operations as Kraske'K a close watch has. 
to be kept upon the pulse. The posture, the loss of blocd, 
and the shock render these operations especially anxious 
ones tor the aniesthetist. It is necessary to decrease the 
amount of aniesthetic given when the hjemorthage cau.sea 
material shock. 
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CHAPTER IX. 



ANESTHETICS IN OBSTETRIC PRACTICE. 



Choice of ansesthetics, stag^e -when to 

be administered.— Ah a rule tbloroform is prefer- 
able to ether. Wben an obstetric operation ia to be 
performed, or when the patient is greatly depressed by 
hccmorrhage or shoiik, and wben it is desired to promote 
uterine contraction, ether may be selected. Chloroform ia 
preferable in eclampsia and in cases of retained placenta. 
The A.C.E. and alcohol- chloroform mixtures also answer 
admirably. Otis, of Boston, employs in obstetric practice 
a mixture of bromide of ethyl 1 part, chloroform 3 
parts, and alcohol 4 parts ; of this preparation he speaks 
liighly. Snow advised that chloroform should be with- 
* held until the os uteri is fully dtlat«d and well-marked 
expulsive pains have appeared. He, however, made an 
exception to this rule when, during an earlier stage, the 
pains were very severe. When there is spasm of the cervix, 
n the first stage for 20 or 30 
■s and the pains, which were very 
!er ; as the patient recovers from 
a accelerated. 

mploymeut of an anaesthetic for 
neuralgia and cramps occuring during parturition. 

In normal labour little chloroform is needed ; if | 
a very dilute vapour is inhaled the patient sinks into & J 
""■'"*■■ "leep, and her sensibility to pain is lessened. 
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minutes, the spasm relaxi 
severe before, become eas 
the anesthetic, labour if 
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second (Jegree (Snow) of nai-cosis is quite sufficient for 
oidioary tasea. Tbe uterine contractions are but slightly 
affected. Although during the pains the woman may groan 
aod appear restless, her complaints ai'e but slight, and as 
soon as the pain passes ofE she again falls asleep. 
Rules guidini^ the administration :— 

1. Quietude iu the room is essential; fresh air shonld 
from time to time be admitted, and the patient's 
posture should be iinconstraiued. 

2. Chloroform should he commenced when the labour is 
in its second stage if tl:e pains are very acute, but if 
they are not it is best to wait until the fcetal bead is 
on the perinfeum. As a rule the chloroform should 
not be given during the internals between the pains, 
unless the severity of the pains is very great, or it is 
deemed advisable to induce deep amesthesia for the 
performance of an obstetric operation. 

3. For nervous women and those who dread pain, also 
in cases where the perinipum is very rigid, chloroform 
should be used, to relax the perineal structures. 

4. In the event of the patient becoming excited by the 
chloroform, whenever it is deemed necessary for the 
woman to be antesthetised, chloi-oform should be 
pushed to full ansesthesia. 

6. In protracted labour, when the patient is to be kept 
ana3stbetic, it is better to intermit tbe inhalation, to 
avoid an injurious accumulation of the drug, 

G. Deep anicsthesia must be obtained when an obstetric 
operation becomes necessary (Oliarpentier). 

7. The advisability of giving an anssthetic to a woman 
in labour when heart, lung, or kidney disease exists, 
must be determined by the same general principles 
which guide us in deciding under similar circumstances 
in surgical cases. 
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8. It is neceesary when the patient iH kept whi'Uy or 
partially under an antestbetic, to carefully guard 
against over-distension of her bladder. 

9. It is inexpedient to awaken the patient to conscious- 
ness by artificial means, e.g., slapping with a wet 

10. When the fcetal head bears on the perinfeuin, the 
ansesthetic should be given more freely, as it relieves 
the increased pain, and also relaxes the maternal 
passages, while it lessens the probability of rupturing 
the perinteum. 

11. Should the patient he depressed or the pains sluggish 
during the administration of an aniesthetic, an 
occasional stimulant may be administered. This 
practice should be confined within narrow limits, and 
when pursued sal volatile is the best stimulant to 
employ. 

12. If the ansesthetic appears to interfere with the 
progress of labour, it may be necessary to suspend its 
use for a time and re-administer it lifter an interval, 
or even to withdraw it altogether. Chloroform is best 
avoided if a meal has been recently taken, since the 
Tomiting which \» likely to follow will impede de- 
livery. 

Objections* — These, although strenuously urged by 
.some, are piobably more theoretical than real. 

1. Chloroform is said to increase the mortality alike 
among mothers and children. 

Statistics certainly negative this statement. It has been 
shown that the danger to the parturient ia OBteris parilna ' 
in direct proportion to the amount of pain esperienced, and 
since chloroform minimises the pain, it lessens the actual , 
danger of childbirth, 

2. It ia asserted that it protracts the labour. 
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Donlioff * gives the results of bia researches with the 
tokodynamometer. Light aoKBthsBia under clilorofonn 
lessened, but deeper narcosis abrogated, uterine contractions. 
Hence, chloroform is the best aniesthetic in cases of 
threatened rupture of the uterus with transverse presentation 
and loss of amniotic fiuid. 

Deep nai-cosis renders the voluntary abdominal muscles 
Ia5, and so interferes with expulsive efforts. Very deep 
narcosis also paralyses the uterine muscular tissue. On the 
other hand, a womb, exhausted by frequent and ineffectual 
contractions, often will regain tone under chloroform and 
resume vigorous expulsive movements. 

3. Rupture of the perinreum is said to be more frequent 
when chloroform is nsed, but both espeiience and h priori 
reasoning point to the reverse being true, since under 
chloroform the violence of the expulsive pains are lessened 
and the perineal structures lire relaxed. The fact that, in 
cases of rigid periufeum, chloroform is given may account 
for the statement. The prosent practice is to produce deep 
narcosis in such patients, with the express view of saving 
the perinseum. 

4. Complications are asserted to be more liable to occur 
when an aniesthetic is used. 

This point was carefully investigated by the Chloroform 
Committee of the Royal Medical and Chiiairgical Society, 
and it was found that chloroform, when properly adminis- 
tered, does not predispose to inflammation, puerperal con- 
vulsion, apoplexy, or other mishap. 

Opinions differ as to whether it pi'edisposes to im- 
perfect contraction of the uterus and so to poat-pm-tv/m 
hEemorrbage. The answer to this question depends, 
first on the degree of narcosis arrived at, and secondly 
on the length of time allowed to elapse before its 
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use, and thirdly on the duration of its employment and 
especially after the birth of the foetal head. Tt is 
also highly important that the patient's respiration should 
be free and unhampered by her posture. lactation ia 
not injuriously affected, nor is the child in any way 

Ooovaleacence, so far from being delayed, is actually 
accelerated by the use of chloroform in childbirth. This 
ia probably explained by the fact that when an anSESthetic 
is used the nervous system is protected from shock 

Method of exhibition. — When chloroform ia 
employed the open method ia the Bimplest, admitting as it 
does plenty of air. A little chloroform may he sprinkled 
on cotton-wool in a glass tumbler, and the patient allowed 
to hold this, so that when she grows drowsy the improvised 
inhaler drops from the hand. Care must be taken, if lint 
or a towel is used, that the face does not fall over the 
chloroformed cloth, or the breathing become impeded by 
the pillow or bedding. The Vernon Haroourt inhaler is J 
excellent in labour. The body of the instrument ia hung I 
over the back of the bed and the face-piece connected I 
with it by a length of flexible tubing. The patientcj 
holds the mask over htr face as long as she is conscious, ] 
and as soon s.& her grasp relaxes the mask falls awa;* J 
from her. 

" When deep amesthesia is required it is best to have & I 
skiiled adminiatrator " (Chloroform Committee). 

When chlorofornt, or the A.C.E. mixture, ia adminiBtered J 
by a person who gives himself up solely to this duty, the:! 
use of the Vernon Harcourt regulator, or of Junker'aiT 
inhaler fitted with the glass mask (see p. 216), has the ad- J 
vantage of allowing less escape of vapour into the n 
so that the air is kept more pure. This ia especiadlyl 
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important when tlie cLnmber ia lighted by gas or oil lamps 
(me p. 180). 

In the Fibst Stage op Laboub, chloroform or the 
A.C.E. mixture, if required at all, should be giyen 
interinittently and in small quantities, except i 
case of spasm of the cervix, when complete i 
needed. As a ntle the first degree of nai-cosia is deep 
enough. The patient is conscious, but only slightly alive 
to painful sensations. If any excitement and disorderly 
conduct follow, the patient miiat he allowed to recovej 
her self-control. Some persons need more chloroform thai 
others, so that the administrator must decide each case 
upon its own merits, and further must he guided by his 
own observftfiors, and not influenced solely by the patient's 
cry of " Give roe some more." Women frequently repeat 
this phrase when almost unconscious, and unaware of 
preferring any i-equest. However, chloral in grs. 15 until 
30 to 40 grs. have been taken is better than chloroform 
in the first stnge, and lessens the amount required later on.* 

In the SECONn Stage, chloroform should be given 
only during the pains, and tben merely to slight narcosis, 
since the woman needs the use of the abdominal muscles. 
At the stage of labour when the head is trnversing the 
perincGum, deeper narcosis is needed t<3 relax the soft parts, 
whilst at the last, as the head emerges through the vulva, 
chloroform should he freely administered. 

When iNSTRfMESTAL Procedure is requisite deeper 
narcosis is needful, and especial caution is i-equired in order 
to prevent the patient being made simply excited and 
rigid — a condition alike dangerous to the mother and child. 
In this stage the narcosis must be deepened and true 
anfpsthesia obtained. 
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Obstetric Opebations, 
For Tui-ning and inetrumental deliveries, if j 
tlietic is employed, full aDKstbesia is requieite and may 
be obtained either by cLloroform, the A.CE, mixture, 
ether, or by Otis'a mixture. In deep narcosis from chloro- 
form the parturient is probably placed in the same danger 
of overdosage as when ansesthetiaed for any surgical 
opei-ation. Many practitioners employ the A.CE. mixture 
in all their obstetric cases, and give it from a cone, or 
Eendle's mask. Ether is but little used in this country 
in obstetric surgery. It is sometimes urged against it that it 
<ioea not relax the uterine tissue so effectually as chloroform. 
If this objection is valid it tells also the other way, as under 
such circumstances, hicmorrhage would be lees likely to be 
severe. The ether effect, moreover, passes off more rapidly. 
Fop extPaction lay fOPOepS narcosis sufficiently 
iieep to keep the patient fiiiiet is needed. Some authorities 
prefer the use of ether in these eases, 

Cpaniotomy.— Hour-glass contpaction. 

—Retained placenta. — In tliese cases complete 
relaxation is necessary, but as the patient is often very 
collapsed, great care has to be taten that the ansesthetio 
is not unduly pushed. 

Pueppepal convulsions.-.-Chloroform was for- _ 
mei'ly used in all cases oE convulsions associated with 
labour. It is, however, contra -indicated in apoplectic 
seizures. The modern practice is to use morphine, 
hot-air baths, etc., and only to give chloroform if other 
means fail. It is believed that prolonged inhalation ot 
chloroform produces a deleterious effect upon the patient. 

After- Effects. 

After prolonged chloroformisation dryness of the mouth 

and throat and great thirst are sometimes complained of, 
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and can be relieved by sipping hot water and wiping the 
tongue with glycerine and borax, or by sucking thinly sliced 
lemon. 

Yomiting is rare ; faintness, excitement, and headache 
have sometimes been manifested, but as a rule few 
unpleasant results follow the use of chloroform in child- 
birth. 
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CHAPTER X. 




THE ACCIDENTS OF ANESTHESIA, 
AND HOW TO TREAT THEH. 

Befobb considering in detail the accidents of anfesthe^ia, 
it may be useful to iwlicate what precautions should be 
taken to obviate their occurrence. 

Accidente arise from the following, among many causes : — 

(1) The selection of an unsuitable anesthetic; e.g. (a) 
nitrous oxide gas for a patient with obstructed breathing 
due to inflammatory swelling, cedema of the larynx, o£ 
the pharyngeal structures, or deep tissues of the neck ; (6) 
ether for a patient whose bronchial tubes and pulmonary 
alveoli are choked with secretion ; (c) chloroform for a 
patient whose heart ia beating feebly and blood -pressure 
is markedly low, 

(2) Faulty preparation of the patient. When directions 
are given about the diet, clothing, and regulation of the 
patient's bowels, too little attention is often paid to 
the effects likely to result from the antestbetic. Weakly 
subjects, and especially children, are frequently left too 
long without nutriment, or are allowed indigestible food. 
Beef-tea, for example, is sometimes ordered to bo given 
at unsuitable times — e.g. 5 a.m. or 6 a.m. It is very much 
better to diet the patient with care for one or two days 
before the antes thetic is given. Alcohol given before 
the nnteathetio is inhaled is always harmful. It is, in my 
experience, better to rely upon the stimulant action of hot 
water taken three hours before the operation : it may be 
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flavoured with tea, Eeotal feeding is far better for 
weakly subjects than food taken by the mouth. It can 
be employed to within an hour or so of the operation. 

Weakly patients should not have sti'ong aperients 
administered on the night before an operation. It is 
better that such purging as may be required aliould be 
done a day or so previous to that on which the anteathetie is 
to be inhaled. Even an enema used just before the opera- 
tion in some patients may produce prostration. An equally 
important matter is the maintenance at the normal height 
of the patient's temperattii'e, hs this lessens shock. Loosely 
fitting warm clothing should be arranged to cover the cheat,, 
abdomen, and limbs. The room in which the operation is 
performed should be kept at 65° F., or even 70° F. ; but 
thorough ventilation is essential. It is equally necessary- 
to warm the room into which the pa,tient is can-ied after 
the completion of the operation. Many eases of collapse 
attiibuted to ether bronchitis are really due to the neglect 
of this precaution. 

To anffisthetise a patient in a bed, and then to carry hirrv 
into another room for the operation, is, I think, a dangerous 
proceeding. If circumstances exist which render this 
nnavoidable, the utmost care should be used to avoid 
rough or unskilful lifting. The "head lower than the 
body" posture must be preserved in carrying: jolting 
and jerking mUSt be avoided. 

The utmost attention should be paid to the posture of thfr 
patient when on the operating table. It is easy to observe 
or ascertain in what posture he lies when breathing with the 
greatest case, and, as far as the requirements of the surgeon 
permit, this position should he adopted for the patient 
when he is placed upon the operating table. This is 
especially important in the case of patients suffering from 
goitre, heart disease, aneurism, empyema, obesity, lai^e- 
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jibdominal tumoui-x, and lu those who are very old 
fetble. 

Preparations abould be made for possible contiugeacies. 
Sterilised tracbeotouiy instruments should be ready at 
hand. Cylinders of oxygen must be in the room. Tongue 
forceps, g.iga, transfusion apparatus, and warm normal 
saline or Locke'it fluid may all be needed in cases where 
severe operations are contemplated, or the condition of 
the patient is crilicnl. 

It is often wise, especially in the case of mouth breathers, 
to place a dental prop lietween the teeth before administer- 
ing the anaisthetic. It must, of course, be secured by 
fishing-line attached outside the mouth. The practice of 
setting tongue forceps on the tongue as a routine measure 
is unnecessary, and causes pain after recovery from the 
anteathetic. When it is necessary to keep the tongue 
forward throughout the course of a prolonged operation, 
the best and least painful plan is to pass a fishing-gut 
ligature through the tip of the tongue and have it held. 

Silence and ai'oidance of all noise must l)e enjoined. 

The attention of the anaesthetist, of course, must be given 
solely to his own businesB. However desirous he may be to 
" lend a hand " as an assistant to the operator, he should 
resist the temptation and restrict his energies to his 
peculinr province. l{e has quite enough to do, and 
while handling tlie inhaler be cannot be surgically clean. 
It is important to see that the apparatus for aniesthesia is 
properly cleansed before use, and that the agents used are 
fresh and in their respective bottles and placi^s. If the 
patient is lifted or moved, the anteathetist should withdraw 
the inhaler during the change of posture, and should 
redouble his vigilance, as many dangers may arise at such a 
moment — e.g. syncope, vomiting. 

In this place I may again caution against giving 
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chloroform in a small room in which illuminating gas 
or a lamp is burning. The decomposition of the ansesthetic, 
arising from the burning of its vapour, will* be a gure 
source of danger to the patient and those engaged in 
the operation. 

The tise of the oGt'ual cautery, — Patients can inhale ether 
or chloride of ethy! before the use of the cautery in their air- 
passages. If a breath or two of air is allowed before the 
cautery is applied, there is do danger of tbe expired air 
exploding, which contains some vapour. Dr. Inglis Clark 
was kind enough to make some cartful experiments with 
chloride of ethyl in this connection, and his results appear to 
accord with, my clinical experience. 



I. Accidents connected with Kespihatios. 

Anatomical conditions such as cicatrices drag- 
ging down the skin and so fixing the larynx," goitres, 
and inti-a -laryngeal growths, may cause dyspncea and alarm- 
ing interference with respiration, as soon as the patient 
is partly under aa anjesthetic. Faulty position of the 
patient's head may lead to similar accidents. The dropping 
of the chin upon the breast and the over- extension of the 
head while the jaw is permitted to fall are examples of 
faulty posture, Dyspnrea arises when, through spinal 
disease, the thoracic muscles are paralysed and the respira- 
tion is entirely diaphragmatic. As a rule the difficulty in 
respiration becomes much exaggerated in narcosis. 

FoPei^n bodies may become loose in tbe mouth, 
and either get drawn into tbe larynx and thence into the 
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tracLea, or may become impacted, and so set up 
spasm,* 

False Teeth. — Small plates are especially dangeroua, 
and obduratora, pivoted or loose teetb, may also become 
sources of peril. During an opeiation teetb, or pieces 
chipped off teeth, may fall back; and evea portions of 
epitheliomatous or other growth, blood clot, pus from 
the bursting of post -pharyngeal abscesses, blood from 
epistasia, detached tonsils and turbinate bodies which have 
slipped from the guillotine or turbinotome, nasal polypi, 
vomited undigested solid food, tobacco plugs, gags, portions 
oE snapped-off forceps, and bite of sponge may obstruct 
breathing. Profuse salivation associated with increased 
secretion from the bronchi causes respiratory difficulty, and 
the patient becomes suffocated by hia own secretion, unless 
the gravity of the situation is realised and prompt measures 
are adopted to remedy the danger. When the tongue is 
partially removed, the stump is liable to fall back and cover 
the glottis ; and similarly, after removal of a portion of the 
lower jaw, the whole tongue is often carried baclc by its 
own weight. This may also occur in deep narcosis, even 
when the jaw is intact. The finger inserted in the mouth 
during tooth estraction often pushes tbe tongue back and 
complete occlusion of the air-way results unless thia ia 
noticed and remedied, 

Ppecautlons.— All loose bodies should be removed 
from the mouth before operation. The anafflthetist should 
ascertain if the patient has taken any solid food on the day 
of operation. It is a good rule in dentjil surgery never to 
operate upon the second tooth, when extracting several 
teetb, until the first tooth extracted is known to be out of 
the mouth ; and care should be taken that the forceps are 
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freed from the tooth just removed before they are employed 
again. Gaga and sponges should be securely tied to a long 
etring which hangs outside the mouth. A Carters oral 
spoon held in the mouth during tooth extraction prevents 
teeth falling back and being drawn into the larynx. 

Tpeatment* — In the event of any foreign body be- 
coming loose, the teeth must be separated by a mouth 
opener, a gag inserted, and the substance sought for with 
the finger. The patient's head and shoulders should be 
lowered, and efforts should be made to escit« the laryngeal 
reflei by di-awing forward the epiglotti.^* by means of a 
bent tongue depressor or forceps. Slapping the back 
certainly aids. In prolonged operations, irhen possible the 
head should be placed on its side, to obviaLe the effect of 
the weight of the tongue in carrying it back, and also 
to facilitate the expulsion of blood. When bronchial 
secretion is profuse, and when blood, pus, etc., have been 
aspirated into the trachea, the patient's head is to be turned 
to the side, and, if a. dental prop ia not already in position, 
the mouth must be opened and the pharynx mopped out, 
When these measures are obviously ineffectual, the patient 
mnst he inverted and the secretions allowed to di-ain out, 
their passage being assisted by pressure upon the chest. 
Schafer'^ method of artificial respiration is apphcable to 
all such cases. 

The following record of cases well illustrate this point. 
The patient suffered from empyema, the abscess communi- 
cating with a bronchus. The lad was ancesthetised by the 
rectal etherisation method. When ancesthesia was estab- 
lished, great dyspnrea appeared, owing to the pus from the 
abscess flooding both lungs. Inversion led Xa the draining 
away of a large amount of pus, and the operation waa 
performed, the boy making a good I'ecovery. 

In the case of a patient, a short-necked, thick-set ni: 
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to whom I gave ether for an examination, so miicb 
mucus was secreted that respiration was dangerously 
aiFected. Inversion and pulling forward the tongue led to 
the escape of a large quantity of fluid and relief of the 
dyspniea. 

In the case of a solid body entering the air- 
passages, unless it can be seen and removed by means of 
forceps, the air-way must be opened and the occluding 
substance, if possible, removed. In some cases the dyspnraa 
which at fii'st threatened life, passes off owing probably to- 
the position of the foreign body becoming altered. When 
this happens, it is better to delay surgical proceedings and 
subsequently perform a formal operation at a suitable time •, 
but as Godlee points out, " the inconvenience of an early 
tracheotomy and the resort to the usual methods of search 
are not for a moment to be weighed against the possibly 
irremediable damage that may be done by even a few 
weeks' residence of a foreign body in a bronchus." * 

When teeth, fragments of teeth or of metal stoppings, 
enter the air-passages, cough of a distressing character is 
set up. This either inci'easee, and if the cause of obstruction 
is not expelled the dyspncea calls for immediate relief by 
tracheotomy and inversion, or the immediate urgency may 
pass off. Later on the foreign body may be coughed up, 
although sometimes it may give rise to an abscess, subse- 
quently to be expet-torated ; in other cases local septic 
pneumonia of painful chronicity is developed. Recorded 
cases have terminated fatally after prolonged illnesses, so 
that no pains should he spared to avoid this grave complica- 
tion. Bicuspid teeth of the lower jaw are especially liable 
to fly from the beaks of the forceps and occasion the accident 
now under consideration, so that when these teeth are being 
extracted the mouth spoon should always he employed. 

* Trail). Med, Cftir. Soe., voL tiiii., p, 2m 
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Vomited matters.— Wheu.througli the 

of the case or inadvertence, food has been taken within 
a few hours of the administration of an anojsthetic, 
vomiting ia pretty sure to occur, either wlien the opera- 
tion is proceeding or as the patient is commencing to re- 
gain conscionsneas. Thei-e ia great danger leat vomited 
matters be drawn back into the larynx, leading to asphyxia,' 
In patients who are necessarily operated upon after having 
taken food, it ia certainly wise to wash out the stomach 
either before the inhalation or as soon as the patient 
is sufficiently insensitive to permit the lavage without 
Ktruggling. 

Respipatlon may also be hampered by the- 
posture t of the patient, by pressure upon bis chest due- 
to assistants leaning upon him, or to tight bandaging,. 
In edentnlouB persons, especially if nasal stenosis exists,, 
the lips are sucked in during inspiration, and often 
cause great respiratory difficulty, cyanosis, and inspira- 
tory dyspncea. This frequently arises before the patient' 
is fully under the aniEithetic, and prevents his passing 
completely into the third degree of narcosis. It is at 
once reheved by inserting a gag, which keeps the lips 
apart and allows the aniesthetic to be inhaled. When 
placed prone or upon the side, feeble people, and those who 
ir who have fluid in their chest 
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— oue luug being moi-e ov less liampereJ — must be carefully- 
watched, as the mechanical interference with breathing in 
these casein has caussd fatal accidents. The complication is 
peculiarly liable to occur ia the case of children, and espe- 
cially in that of Plckety infants, whose respiration is very 
commonly feeble. Gradunlly failing respiration, leading 
ultimately to cessation of breathing and associated with 
deepening duskiness, may arise from, too little air being 
given or a slightly excessive percentage of anfesthetic. It 
ia not nncommoo when such mixtures as the A.C.E. or 
C.E. fire used. To reiiave the condition, the inhaler 
must be withdrawn, the mouth opened, and rhythmic 
traction made on the tongue (Laborde's method), supple- 
mented by one or more vigorous compressions of the chest. 
Tbeee measures as a rule suffice for minor degrees of 
respiratory difficulties under aniesthetics. 

In cases of intestinal obstruction the operation is an 
added danger, due to the regurgitation of the contents of 
the stomach and intestines into the mouth, and their sub- 
sequent aspiration into the air -passages.* This is not a 
true vomiting, but is a natural result of reversed peristalsis. 
As soon as the anteathetic takes effect and lessens the 
contraction of the cardiac aud pyloric sphincters, the 
intra-abdominal pressure becomes relieved by unloading the 
intestinal contents upward along the line of least resistance, 
instead of along its normal route. When this regurgitation 
occurs, every effort should be made by turning the head to 
the side to divert the i-egurgitated fluid away from the 
air passages. Lavage, frequently repeated, when practic- 
able, should be performed before the an.'esthetic ia given. 
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The insei-tion of a gag betweea the teeth before giving the 
ansesthetic is an additional pretautiou which is useful. The 
aDEeathesia should not be deep until the abdomen is 
opened, aa it ia iniportant that the larynx should maintain 
it*i sensitiveness up to this point. 

Pus or other fluids expelled from the lung^. 

During operations for the relief of pulmonary or hepatic 
abscesa, hydatid cysts, or of empyema, the patient may 
expectorate or otherwise expel large quantities of pus, 
blood, or other fluids, daughter cysts, etc., from the seat 
of disease, and these may, unless care is taken, pass into 
the lungs and interfere with respiration. As a rule 
patients clear their lungs of accumulated secretions in 
the early morning, and this is the safest time for the 
induction of anesthesia. Si mil a ily extensile hiemorrhages 
from phthisical vomicse may occur and lead to intense 
dyspn<Ea, Beyond being prepared for such emergencies, 
and maintaining so slight a narcosis that the patient does 
not lose his power of coughing up tiie intruding material, 
little can be done. Posture is of much importance ; the 
sound lung should be kept uppermost and the patient 
turned towards the diseased side. Artificial respiration 
performed by the usual methods is extremely dangerous 
in these cases, as it pumps the fluids into the pulmonary 
lobules and eflectually asphyxiates the patient. The 
'■ Schafer" method, which is described below, ia less open 
to tliia objection, and may be employed in these cases. 
Ammonia fumes, perflation with oxygen, aided by com- 
pression of the sound side of the chest between the hands, 
one placed on the back and one in front, offer the best 
hope of assisting the patient to expel the foreign material 
from his air-passages. 

All general aniesthetics eventually pElFalysS 
Pespiratory centre in the medulla oblongata, 1 



the following plan • : A pair of bellows has a length of 1 
indiaruliber tubing attached to it. A face mask and two 
intubation tubes of different sizes ore also in readiness. In 
the tubing "there should also be set a double tube, with 
an opening similar to that commonly found in tbe trachea 
caiimila of the physiological laboratory, so that the 
operator can allow the escape of any excess of air thrown 
in by the bellows." Professor Wood gives the following 
directioiiB for employing the apparatus ; " In using thia 
apparatus, the mask should be fii-st tried, care being 
eserciKed to see that the tongue is well drawn forward 
and held in place by a thread through it, and that the 
epiglottis is kept open." If the face-piece does not succeed, 
intubation should be at once performed. In the use of 
either the face-piece or of intubation, the lungs should be 
slowly but thoroughly expanded by each stroke of the 
bellows. Care must be taken that only sufficient force in 
used to expand, not to rupture, the air-vesicles. The use 
of oxygen as the perflating gas greatly enhances the valae 
of the method. The patient's body temperature should be 
maintained. Forced respiration is of especial value for 
persons with rigid chests. 

All measures in artificial respiration must be adopted 
quietly, firmly, and slowly, since crowding, hurry, fuse, 
and inexpertness are very dangerous. Life may be 
restored after an home's artificial respiration. The 
employment of the faradic current to excite the dia- 
phragm, although formerly much insisted upon, is now 
generally abandoned. 

Insufflation may be conducted by various methods : 
(1) through a tube passed through the larynx into the 
trachea (intubation), as in the method of forced i-espira- 
tion detailed above; (2) by mouth to mouth, an im 
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even when inhftling low percentages of an anKsthetic. If 
the respiration ia not Btimulated by fresh air, it will grow 
weaker and finally cease, although prompt 
artificial respiration will restore it. This 
enfeeblement of respiration should never be allowed to paaa 
unnoticed or unrelieved. 

Tpeattnent. — in the case of a foreign body being 
free in the pharynx, the tongue should not be ptilled 
forward, otherwise the tooth, or whatever it is, may enter 
the trachea. If the foreign body can be felt to be fixed, its 
removal must be attempted with laryngeal or ccsophageal 
forceps, or with a snare. When the obstruction cannot be 
reached with the finger, the patient should, if conscious, 
bend with hia head very low, breathe air softly, and expire or 
cough forcibly while bis back is slapped. This ofton causes 
the foreign body to be expelled. Failing these measures 
the patient should be inverted, with the view of dislodg- 
ing the foreign body. When this does not succeed, and 
if suffocation be imminent, laryngotomy must be performed. 
When the glottis has become occluded by the falling hack 
of tlie tongue, pushing forward the lower jaw, so that the 
lower teeth lie in advance of the upper, will, by carrying 
the base of the tongue and epiglottis forward, open the air 
passage. This is best done by pushing the angle of the 
jaiv forward, at the same time depressing the chin to 
prevent the lower teeth engaging behind the upper ones. 
Considerable interference with respiration may arise from 
the lips closing upon the teeth. Inspiration is absent, 
although a certain amount of expiration is carried on. 
The same obstruction often occurs in edentulous persons, the 
lips being drawn in and acting like an expiry valve. Nasal 
stenosis is commonly the cause of this difficulty, and its 
relief ia obtained by opening the mouth and inserting a 
between the teetb or gums. There is sometimes n 
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Bpaam associated with the condition, and i 

may be met with in the attempt to open the month. 

persons with thick necks, and in cases of iingiua Lndovio, 1 

when the anatomical conditions cause dyspntea and cyanosiB, I 

if the jaw cannot be sufficietjtly advanced, it i 

to (bag the tongue forward with forceps, nnd if the teeth 1 

are firmly clenched, as they often are in semi- asphyxia! 1 

states, they must be first forced apart and a gag i 

serted. 

Dr. Benjamin Howard has advocated the method o( 1 
placing the head in extreme extension in order to obtain. J 
the maximum degree of patency of the upper a 
during nai'cosis. Professor Wood, however, contends that'l 
a better plan is to place the index fingers of each hand oa J 
the cornuaof the hyoid bone, and the middle fingers against I 
the angles of the jaw. The fingers should press forward and I 
upward, thus extending the head on the neck and thuB | 
opening the glottis. If this does not succeed, he i 
mends fixing a tenaculum far back into the base of the | 
tongue and drawing it forward. 

It should be lemembered that when a patient i 
out of chloroform, and ia about to vomit, the g^lottts 
becomes closed, and this may cause marked cyanosis. 
Howevei', this state is at once relieved by the act of vomiting, 
and calls for no special treatment. In delicate subjects it 
is liable to be associated with marked circulatory di 
in some cases leading to actual syncope. 

When Spasm of the lapynx results from inhaling 1 
an aiiasathetic, and persists after drawing forwards the I 
tongue and hooking up the larynx, laryngotomy must at [ 
once be performtd. No formal operation is ■ 
crico-thyi'oid membrane ia incised, and a laryngotomy tube 
inserted. It Ls suggested by some that inhaling chloro- 
form relaxes the spasm ; but this plan is of course useless if | 
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the rima is quite c>ccluded, and its adoption may involve 
Joss of valuable time. 

Ether inhalation., when the ether vapour is forced u 
the patient in too concentrateii n. state, may set up some 
spasm. This, although causing alarming tiyspnosa, does 
not as a rule require any heroic treatment. Draw- 
ing the lower jaw smartly forwai'ds, so that the lower 
teeth advance beyond the upper, and withdrawal of the 
vapour, are, as a rule, all that the complication demands. 
I have met with several cases in which alarming symptoma 
have followed spasm of the glottis during ether inhalation. 
It arose, I believe, from condensed vapour impinging upon 
tbo vocal cords. Dy-'spurea and violent coughing n 
symptoms ; the patient becnmea dusky and even deeply 
cyanosed, and no air enters the lungs. This danger 
during the induction period, and can be usually s 
combated by traction on the tongue and oxygen inhalation. 
1 have never been compelled to open the trachea. 

If, after the upper air-ways have been cleared and 
i-endered patent by the manteuvres mentioned above, the 
breathing still remains iinsatiofactory, artificial respiration 
must at once be practised by one of the following methods. 

Aptiflcial pespipation.— 



1. Tbb Schafer Method. 
Professor Schafer," who has investigated the relative 
efficiency of various methods of performing artificial 
respiration, finds that the following gives the fullest 
pulmonary ventilation and offers the best chance of 
ejecting fluids which have entered the lungs. The method 
cannot be adopted in all cases of suspended respiiation 
under anaesthetics, since it involves placing the patient 

• 3ts Rcporl Bj OmviilUi Rej. MriF. Chir, Sot., IWl, vol. imiil.; Pnc Say. 6»*. 
£dii(., tqI. ii>., i>anL, p. 39. 
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apasra associated with the condition, and so; 
may be met with in the attempt to open the mouth. In 
persons with thick necks, and in eases of angina Ludoyici, 
when the anatomical conditions cause dyspncea and cyanosiB, 
if the jaw cannot be sufficiently advanced, it is necessary 
to di'ag the tongue forward with forceps, and if the teeth 
are firmly clenched, as they often are in semi-asphyxial 
states, they must be first forced apart and a gag in- 
serted. 

Dr. Benjamin Howard has advocated the method of 
placiog the head in extreme estension in order to obtain 
the maximum degree of patency of the upper air-paasages 
during naMMsis. Professor Wood, however, contends that 
a better plan is to place the index fingers of each I: 
the cornuaof the hyoid bone, and the middle fingers against 
the angles of the jaw. The fingers should press forward and 
upward, thus extending the head on the neck and thus 
opening the glottis. If this does not succeet 
mends fixing a tenaculum far back into the base of the 
tongue and drawing it forward. 

It should be remembered that when a patient is coming 
out of chloioform, and is about to vomit, the ^flottls 
becomes closed, and this may cause marked cyanosis. 
However, this state is at once relieved by the act of vomiting, 
and calls for no special treatment. In delicate subjects it 
is liable to be associated with marked circulatory depression, 
in some cases leading to actual syncope. 

When spasm of the IftPynX results from inhaling 
an anjesthetic, and persists after drawing forwards the 
tongue and hooking up the larynx, laryngotomy must at 
once be performfd. No formal operation is necessary; the 
crico-thyroid membrane is incised, and a laryngotomy tube 
•"""-fed. It is suggested by some that inhaling ohloro- 
laxes the spasm ; but this plan is of course useless if 
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the riina is quite occluded, and its adoption may involv* 
loss of valuable time. 

Ether inhalation, when the ether vapour is forced upon 
the patient io too concentrated a state, may set up some 
spasm. Thi?, although causing alarming dyepncea, does 
not aa a rule require any heroic treatment. Draw- 
ing the lower jaw Kmartly foi'wards, so that the lower 
teeth advance beyond the upper, and withdrawal of the 
vapour, are, as a rule, all that the complication demands. 
I lidve met with several cases in which alarming symptoms 
have followed spasm of the glottis during ether inhalation. 
It arose, I believe, from condensed vapour impinging upon 
the vocal cords. Dyspncea and violent coughing are the 
symptoms ; the patient becomes dusky and even deeply 
cyanosed, and no air enters the lungs. This danger arises 
during the induction period, and can be usually successfully 
combated by traction on the tongue and oxygen inhalation. 
I have never been compelled to open the trachea. 

If, after the upper air-ways have been cleared and 
rendered patent by the manceuvrea mentioned above, the 
breathing still remains unsatisfactory, artificial respiration 
must at once be practised by one of the following methods. 

Artificial respipation-— 

1. The Sohafer Method. 
Pi'ofessor Schilfer,* who has investigated the relative 
efficiency of various method.s of performing artificiiil 
respiration, finds that the following gives the fuUest 
pulmonary ventilation and offers the best chance of 
ejecting fluids which have entered the lungs. The method 
cannot be adopted in all cases of suspended respiration 
under anesthetics, since it involves placing the patient 
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^D \Tords ^^1 



upon his face. I quote Professor Schafer's own 
to describe the method he has suggested ; 

"To effect artificial respiration, put yourself athwart 
or on oue side of the patient's body in a kneeling posture 
and facing his head (see fig. 57). Pla«e your hands fiat 
over the lower part of the back (on the lowest ribs), one 
on each aide, and gradually tiirow the weight of your body 




Fio. 57. Flgui 



forward on to them, so as to produce firm pressare — which 
must not be violent — upon the patient's chest. By this 
means the air (and water, if there is any) is driven out I 
of the patient's lungs. Immediately thereafter raise your I 
body alowly, so aa to remove the pressure, but leaving your 
hands in position. Repeat this forward and backward 
movement (pressure and relaxation of pressure) every four 
or five seconds. In other words, sway your body slowly 
forwards and backwards upon your arms twelve to fifteen 
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times a minute, without any marked paune betweea the 
movements. This com-se must' be pursued for at least 
half an hour, oi- until the natural respirations are resumed. 
If they are resumed, and, as sometimes happens, again tend 
to fail, the process of artificial respiration must be again 
resorted to as before." 

2, SyLVESTEa'e Method.* 
For this method the patient is placed flat upon his b 



with the head somewhat lower than the abdomen, and care 




taken thiit there is no mechanical obstruction to the 
entmiice of air — e.j. falling back of the tnngue, blood clot, 
mucus, or vomit in the pharynx. 

During the performance of aitificial respiration Wilson t 

* Tbe tuBlbod descii^wd it modiaed b; Uis inlcoduction ul Vas eswntinl I 
of the plam prDpOHid b; Fuiini nod Bsia. 
t 2Vafu. t^Sx. 1^ AiuiiOaMtit, 1998, vol, I., p. Q^ 
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the following plan • ; A pair of bellows has a length c 
iudiarubber tubing attached to it. A face mask and two 
intubation tubes of different sizes are also in readinees. In 
the tubing " there should also be set a double tube, with 
an opening similar to that commonly found in the ti-achea 
ciinuula of the physiological laboratory, so that the 
operator can allow the escape of any excess of air thrown 
in by the bellows." Professor Wood gives the following 
directions for employing the apparatus: "In using thia 
apparatus, the mask tihould be fii'st tried, care being 
exercised to see that the tongue ia well drawn forward 
and held in place by a thread through it, and that the 
epiglottis ia kept open." If the face-piece does not succeed, 
intubation should be at once peiformed. In the use of 
either the face-piece or of intubation, the lungs should be 
slowly but thoroughly expanded by each stroke of the 
bellows. Oare muat be taken that only sufficient force is 
used to expand, not to rupture, the air-vesicles. The use 
of oxygen as the perflating gas greatly enhances the value 
of the method. The patient's body temperature should be 
maintained. Forced respiration is of especial value for 
persons with rigid chests. 

All measures in artificial respiration must be adopted 
quietly, firmly, and slowly, since crowding, hurry, fuss, 
and ineKpertness ai-e very dangerous. Life may be 
restored after an hour's artificial respiration. The 
employment of the faradic current to excite the dia- 
phragm, although formerly much insisted npon, is now 
generally abandoned. 

Insufflation may be conducted by various methods : 
(1) through a tube passed through the larynx into the 
trachea (intubation), as in the method of forced re 
tion detailed above; (2) by mouth to mouth, p 
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The latter, who faces him, applies bis hands so as 
to grasp the free margin oE the thorax, his thumbs resting 
opon the xyphoid cartilage. The patient's arms are drawn 
above his head. The operator presses upwards and inwards 
towards the diaphragm, gradually bending over the patient, 
ao that all the weight of his body aids in compressing the 
thorax. Aftflr st«ady pressure for some seconds, with a 
STidden push up the operator throws himself back into his 
erect posture, while tho resiliency of the chest walla causes 
inspiration. The process is repeated twelve or sixteen times 
a minute. 

4. Marshall Hall's Method. 
Dr, Bowles, whose valuable researches have made him 
an authority upon the subject, has pointed out that in all 
cases when fluid has entered the lungs this method is 
valuable and snperior to the Sylvester method. It is 
performed as follows : The patient is placed upon his face, 
his thoras resting upon a folded pillow ; pressure is made 
upon his back to produce expiration ; he is then rolled on to 
his side ; the weight is thus taken from his ribs ; they rise, 
and the lungs expand — inspiration ; the trunk is then again 
rolled into the pi-one posture — expiration. This is repeated 
slowly about fifteen times in a minute. 

Faradisation of the phrenic nerves by 

poles placed, one on the external border of the sterno- 
mastoid muscle, and one on the thoracic attachment of 
the diaphragm, is regarded by some authorities as of great 
value. Personally I consider it inferior to artificial respira- 
tion and fraught with danger. 

Forced Artificial RKapiRAnON, 
Professor H, C Wood regards all the methods of arti- 
ficial respiration mentioned as imperfect and inferior to 
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the following plan " : A pair of bellows has a length of 
indiarubher tubing attached to it. A face mask and two 
intubation tubes of different sizes are also in readiness. In 
the tubing " there should also be set a double tube, with 
an opening similar to that commonly found in the trachea 
cannula of the physiological laboratory, so that the 
operator (.■an aUow the escape of any excess of air thrown 
in by the bellows." Professor Wood gives the following 
directions for employing the apparatus ; " In using this i 
apparatus, the mask should be first tried, care being 1 
exercised to see that the tongue is well drawn forward J 
and held in place by a thread through it, and that the I 
epiglottis is kept open." If the face-piece does not succeed, I 
intubation should be at once performed. In the use of J 
either the face-piece or of intubation, the lungs should b»'fl 
slowly but thoroughly expanded by each stroke of thfti 
bellows. Care must he tiiken that only sufficient force i^l 
used to expand, not to rupture, the air-vesicles. The i 
of oxygen as the perflating gas greatly enhances the valnt 
of the method. The patient's body temperature should \ 
maintained. Forced respiration is of especial value fM 
persons with rigid chests. 

All measures in artificial respiration must be adopted!! 
quietly, firmly, and slowly, since crowding, hurry, fuMjf 
and inespertnesa ai-e very dangerous. Life may bo-f 
restored after an hour's artificial respiration. T 
employment of the faradic current to excite the dia^l 
phragm, although formerly much insisted upon, is now i 
generally s 

Insufflation may be conducted by various methods i J 
(1) through a tube passed through the larynx into the-l 
trachea (intubation), as in the method of forced I'eepira- \ 
tion detailed above; (2) by moutb to mouth, an imper- ] 
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feet plan, but one of value when ntij bellows are at biinJ, 
and especially so in the case of children; (3) through 
one nostril. Professor Schafer tells me it is OHsy to 
perflate both lungs by means of a nasal catheter and a 
pair of bellows, and he regards the plan as beicf; of great 



II. ACCIDESTS CONNECTED WITH T!1E HEART 4ND BlOOD 

Vessels. 

The most serious accidents are those connected with 
the fii-culatory system. 

FalntneSS or syncope may be caused by 
fright before anffisthesia is established, may arise as the 
result of prolonged operations involving shock, or profuse 
htemorrhage, or may be occasioned by the eutrance of air 
into a vein. The gravity of the accident depends upon the 
various circumatances : in lesser degrees attention to posture 
and the maintenance of respiration will lead to the 
patient's recovery, while the really serious cases are hope- 
less, since the heart or the controlling nerve centi'es have 
been paralysed by the action of the aniesthetic. 

It will he best to describe the causes of circulatory 
failure in detail, leaving for the moment the question of 
treatment. Although syncope may occur under any 
anaasthetic, and has been recorded as taking place under 
nitrous oxide, chloride of ethyl, bromide of ethyl, ether, 
chloroform, and the many mixtures and solutions of these 
agents, jet the most serious cases are those which result 
when chloroform is being inhaled. The symptoms hardly 
need recapitulation — pallor, loss of colour in the lips, ears,and 
linger tips, failure of pulse, dilatation of the pupils, weaken- 
ing followed rapidly by cessation of the respiration. Clinic- 
ally the respiratoiy and circulatory failure are associated. 
The mechanism by which this failure is brought about has 
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been described io the chapter dealing with cliloroform ; it 
only remains, therefore, briefly to ennmerate the points 
which will enable the reader to recognise the bearing of the 
line of treatment suggested. Even a few iohalationa of 
a strong percentage of chloroform will paralyse the heart, 
either by exciting vagal inhibition or by direct action npon 
the heart muscle (Embley and Martin ; Sherrington and 
Sowton). When respii'ation is interfered with, through 
whatever cause, the heart's action is hampered, the nervous 
control is Berioiisly threatened, and even small quantities of 
chloroform may lead to serious or even fatal comphcations. 
Under any pei'centage of chloroform the blood -pressure 
falls. Its fall is gi-adual so longas respiration is unaffected 
and no intercurrent complication such as haemorrhage 
occurs. In prolonged operations, especially if the antes- 
thetic has been given at all freely, this fall of blood- 
pressure becomes more serious, and syncope may supervene. 
When pallor and weakening of the respiration appear, the 
head should be lowered, and more air or oxygen should be 
given. A sudden fall of blood-pressure may occur quite 
early in narcosis, especially in young delicate children. It 
seems to be due, either to their inhaling an unduly strong 
percentage, or to the onset of vomiting. Even if the last 
cause is the occasion of the pallor, it is unwise to push the 
ameathetic, as children in this condition are easily poisoned. 
In combating the dangers of the fall of blood- pressure, it 
is most important to bear in mind the condition of the 
patient's organs at the time of the inhalation. If, for 
example, the heart is fatty and its action feeble, if the 
respiration is hampered by old-standing lung disease or 
pulmonary redema, the risk of even a alight fall of blood- 
pressure is enhanced, and it is necessary to restrict the 
percentage of chloroform. The most dangerous jwriod 
-■E narcosis, as far as the circulation is concerned, in the 
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induction. Struggling at once hampers respirfttion, inter- 
feres with the action of the heart, and leads to an irregular 
intake of cMoroform. Holding the bi«ath produces like 
results. 

Tpea.tment> — Thia necessarily varies, aecordiug as 
the patient is suffering from a slight fall of blood- pressure, 
or has inhaled an overdose of the ansesthetic. The patient 
should at once be placed supine, the legs and arms raised, 
and the head dropped below the level of the trunk, partial 
or complete inversion being of the greatest value in 
syncope during ntircosis; smelling salts or ammonia fumes 
should be applied to the nostrils, and the praicordium rubbed 
with a warm hand. In faintna'» inhaling nitrite of amyl 
is useful. The maintenance of regular respiration is of the 
greatest importance in all cases of syncopal seizure, and to 
this end artificial respiration must be practised at once. 
Bubbitig the inside of the lips with brandy is of marked 
value in these cases. An enema of bi'andy— Jss. in ^ij' "f 
hot beef -tea, ov gmel or starch^may be tried. When the 
patient has recovered sufficiently to swallow, hot strong 
coQee with a teaspoonful of cognac should be given. The 
most stringent injunctions must be given that the horizontal 
posture be maintained until the heart has quite recovered 
itself. 

In g^raveP cases. — ^Bandaging the abdomen is 
certainly valuable, and should be adopted when the blood- 
pressure has fallen through vaso-motor paresis. "Rectal 
injections of hot water or saline are of undoubted utility. 

The treatment reheai-sed above also applies to these cases ; 
in them it is usually more common to find a gradual heart 
failure occurring, and giving warning of trouble. Respira- 
tion also is liable to flag at the same time as the heart fails. 
It is especially necessary, therefore, to have resort to 
artificial respiration early, both on this account and be- 
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cause that measure even by itself will frequently stendy- I 
the heart and restore its rhythm. Maas'a method of rapid f 
percussion over the cardiac area has been already notioeA. I 
In all syncopal attacks, while the above measures are beings ■ 
adopted, an assistant sbould dash cold water over the face f 
and chest, and fillip the latter with a towel end, wrung out I 
in ice-cold water. Hypodermic injections of either spartein ( 
(gr. ^) or oxyapai-tein (Langlois and Maurange) are of j 
service in averting heart failure under chloroform. Trans- f 
fusion of normal saline has been used succeaafully in cases 1 
of syncope associated with severe hiemon'hage under- J 
antesthetics. The saline solution may be introduced directly f 
into a vein, or infiltrated through a cannula into tha | 
cutaneous tisfiuea of the thigh or arm. 

Acupunctupe of the heart.*— In a seri 

careful experiments Dr. B. A. Wataon has shown the I 
utility of puncturing the right ventricle in cases of heart T 
failure under chloroform. It is possible by this plan to ' 
remove the excess of blood from the overtaxed heart at the 
same time that a mechanical stimulus is applied to the 
myocardiam. The plan has been tried in the case of human, j 
beings, but I believe without conspicuous success. 



UiRECT Massage of the Hkaet. 
The heart muscle may not respond to puncture, but it 
is well known that, when subjected to direct manual manipu- 
lation, it is capable of expelling its contents and resum- 
ing its normal rhythm. Guided by this physiological 
fact, Pruat has suggested a plan by which the surgeon can 
gain access to the heart, in cases of cardioparesis under 
aniestheties, and excite it to renewed activity. He suggests 
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the following method : An oblique inciaioa is made througli 
skin aad muscles, aad a flap formed with its base to the 
left mammary line, and its borders parallel to the third and 
fifth ribs and left sternal edge. The third and fourth ribs are 
cut close to the sternum, and two and a half inches are re- 
sected in the flap. Access to the heart in the pericardium 
is thus obtained, and it can readily be compressed between 
the fingers. Weber* points out that Prus's incisions are 
dangerous, and suggests as an alternative : From the rigjit 
edge of the sternum, close to the insertion of the fourth 
rib cartilage, an elliptical flap of kHu and muscles ia made 
across the sternum to the upper border of the correspond- 
ing rib on the left, about a finger's breadth from the sternum. 
This ia continued obliquely over the fourth, fifth, sixth, and 
seventh ribs, ending at the left costal margin. The stemam 
is sawn across at the level of the skin incision. The inter- 
costales in the third space are cai-efullj detached, care being 
taken to avoid injuring the internal mammary artery, and 
the cartUages of the fourth to the seventh ribs are cut 
from without inwards. The syphoid cartilage is divided 
with bone forceps and the flap dissected up. Less aeverO' 
measures than those described above have been adopted in 
several cases. The abdominal parietes are divided and the 
heart is grasped from below either indirectly, i.e. with 
the diaphragm intervening, or, directly, through an incision 
in the diaphragm. In most instances, as in the case reported 
by Dr. Starling and Mr. Lane,t the operation being an 
abdominal section, there ia no delay in thus gaining access 
to the heart. Even when this has not been the case, 
surgeons have preferred to open the abdomen and approach 
the pericardium from below, a course which appears to 
involve less risk. Professor Keen, who has collected a 
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number of case&, has shown tliat up to the present t 
although the procedure de^ribed has delayed the fatal 
issue, it h&s done little more. Dr. Starling's patient 
survived, but then the antesthetic used was ether, and so 
the heart was presumably not acutely dilated. If adopted 
early in the cotu'se of re^nsoitative attempts, direct rhythmic 
compression of the heart alone, or coupled with acupuncture 
and withdrawal of blood, would seem to offer more Lope of 
succftjs than other procedures. 

Accidents occupring: in the Post- 

AnECSthetiC Stage.— These may arise as the result 

of faulty position, collapse from shock, and chilling of the 
body when the patient is carried from a hot operatiag-room 
into a firelesa bedroom. 

Faintness and vomiting are dangerous if the patient is 
allowed to be placed in bed with the head higher than the 
body, OP in such a position that he can roll upon his face. 
There should be always an attendant to turn the head 
(it is not necessary to raise it) when vomiting occurs, to 
prevent vomit being aspiratfld into the air-passages. 

Collapse is best treated by heat applied to the patient's 
body, great care being taken that the hot-water bottles 
do not cause burns. When morphine has been given 
immediately before the operation or at its close, and before 
the aniesthetic stage has passed off, there is a danger of 
the development of deepening coma, enfeeblemeut of 
respiration, and circulatory depression. 

Many have observed that in some cases patients, who were 
apparently suffering hut slightly from shock and in a light 
degree of narcosis at the close of a prolonged operation, 
became progressively moi-e collapsed and profoundly un- 
conscious within a short time. Their breathing became 
feeble, the pulse weak, and the skin cold — these symptoms 
may arise from surgical shock, but are as a rule due to 
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1111080886117 quaatitiea of the anaesthetic having been inhaled 
and the incmitioua use of morphine after chloroform. The 
tptatment is that mentioned in dealing with "shock." 

Occasionally patients, after ether, become maniacal, and 
require control. 

Paralysis follonrin^ Anaesthesia.— Both 
central and peripheral paralysis may follow anieathesia. 
The central form is due to rupture or blocking of blood- 
vessels, the result of alterations of blood-pressure caused 
by aniesthetics. Thus apoplexy— a rare accident — 
has been recorded. Beyond attention to the posture of 
the patient, little can be done in such cases. The 
choice of the anesthetic and method of administration 
should be guided by the necessity for avoiding struggling 
and an increase of blood -pressure, and to ensure absolute 
freedom from asphyxial comphcation. These ends are 
best attained by using chloroform with oxygen fi-om 
a Vernon Harcourt inhaler. Erh and others have pointed 
out that peripheral paralyses follow the use of antesthetics 
and are usually due to traumatism from pressure 
on nerves — for example, when the arm is allowed 
to hang over the side of the operating table and the 
musculo-spiral nerve is compressed. Even the forcible ex- 
tension of the arms upward may injure the brachial plexus. 
Functional paralysis also may follow anesthesia. In all 
the above cases care in avoiding pressure upon nerves 
is the important matter i after-treatment may be carried 
out on genei'al principles. 

Glycosuria: Diabetic Coma.— Diabetics must 

always run an increased risk in taking an ana^thetic. 
The amount of sugar should he lessened by rest and treat- 
ment before the inhalation, and chloroform should be selected 
and exhibited with oxygen from a regulating inhaler, and 
every effort made to limit the amount given. 



CHAPTER XI. 

LOCAL ANALGESIA— SPINAL 
ANjESTHESIA. 

Local analgesia, that is, loss of Mensation to painful | 
stimuli without the euperinduction of i 
obtained in the following ways. 

(1) By dniga painted over or injected at the Kituation 
desired to be rendered insensitive. Those most usually 
employed are Cocaine and its salts; Euoaine ^; Tropacoc 
Holocaine; Stovaine; and Kovocaine, (2) Injections into! 
the spinal canal (spinal an^stheRia). (3) Injections into the I 
sheath of nerve trunks (neural aniesthesia). (4) By cold. I 
(5) By electricity. 

Cocaine {CitHmNOi). Gardeke, in 1855, had ] 
isolated the active principle of tlie leaves of the Cuca plant 
which he called erythroxyline, but Niemann, who adopted 
coctiine as the name of the alkaloid, made the first investi- 
gations of its action. In 1884 Karl Koller introduced 
the use of cocaine into surgery. 

Cocaine forms salts with acids. These are readily soluble 
in water. The alkaloid has a bitter taste ; forms crystals ; 
is with difficulty soluble in water (1 in 700 or more). Its 
solubility is greater in alcohol (1 in 20), in chloroform or 
ether ; in melted vaseline, and castor oil, cocaine is freely 
soluble. Pure cocaine, or the hydrochlorate, gives no 
coloration, or a very faint evanescent yellow one, with con- 
centrated cold sulphuric acid. It may readily be recognised 
by its crystala, which are colourless monodinic prisms. 
Cocaine readily undergoes chemical charges in its composi- 



LOCAL ANALGESIA. 



tioQ, 60 that solutions for use should be made fresh us 
required. Ite anassfchetic properties are destroyed by boiling. 

Maclagan has suggested the following test of purity. 
He dissolves 1 gr. of the hydrochloride ia 2 ounces of 
water, and drops in 3 minims of the E.P. solution of 
ammonia. Upon stirring with a glass rod, a crystalline 
precipitate is thrown down while the mixture remains free 
from turbidity. 

Cocaine acts as a general anaesthetic when very large 
doses are taken. Its true action is analgesic, due not to 
the vasomotor constriction which it establishes, but to its 
influence upon the sensory nerve endings. If an area is 
rendered ansemic and analgesic by cocaine, the subsequent 
injection of pilocarpine will abrogate the aniemia, while 
the analgesia remains unaffected. Arloing has shown the 
same thing by dividing the sympathetic of a. rabbit on one 
side, the animal having been previously cocainised, hyper- 
vascularity could thus be seen to exist simultaneously with 
analgesia. 

Phyhiolooical Actios of Cocaine. 

In cold-blooded nnimals cocaine, whether applied 
to the heart itself, circulated through the detached ventricle, 
or injected into the circulation, slows the rhythm, and 
depresses the beat, and finally arrests the heart in diastole. 
Its depressant action upon the heart is shown by the 
accompanying cardiogram (taken by the author with Hoy's 
tonometer) (fig. 60). 

Cocaine also interferes with cai-diac innervation, de- 
creasing in a very marked degree the escitabillty, for while 
it abolishes " make " conttaotiona, " break" contractions 
persist. Although both auricles and veutricles are in- 
fluenced, the latter are more interfered with, and cease to 
beat before auricular rhythm is arrested (Van Anrep). 
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The blood-vessels are but little, if at all, affected by 
cocaine, unless it be applied locally as a paint, and in thia j 
cose, it is doubtful how fai' the action is really characterislio 
of the drug. 

In waPtn-blOOded animals, an initial i 
rapidity of the heart's beat occurs, the heart's action ■ 
weakened, but usually recovers and is said to survive the ' 
cessation of respiration (Van Ani'ep). Vagal inhibition 1 
is also much depressed and even lost ; blood- pressure is 
greatly lowered, although this is preceded by an initial and 
transient increase of pressure. 

Cocaine produwsa very marked depressing action 
upon the humRtl liea.Pt. JIany persons, after even 
small doses, become pallid and complain of extreme faintness, 
while the heart's action grows weak and irregular, tha . 
radial pulse becoming almost indiatingiiiahable. Cocaine 
in very large doses (and we must remember that what 
constitutes a large dose varies greatly among different 
individuals) renders the respirations moi-e rapid, irregulajr 
and shallow, and finally asphyxiates by respiratory paralysia. 
In human beings, marked dyspnrea and breathleesness may 
follow its use. 

Convulsions and epileptiform seizures, due, it is said 
(Durdufi), to vasomotor irritation producing antemia of 
the brain, occur after toxic doses. Death, according to 
MoBso, results from tetanic contraction of the diaphragm. 

The nervous system is much affected by cocaine. The 
peripheral nerves of sense become anresthetic over the area 
into which cocaine has been injected, the analgesia extending 
just so far as the drug traverses the tissues. When 
injected into a nerve trunk, it blocks the transmis- 
sion of impulses, and thus lessens sliock (Crile). The 
results are obtained, although with less certainty, by 
injections made into the tissues siuTotinding nerve trunks. 
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pears off in time, and is followed \ 
reactionary pain " (Struthera). When 



owed by more ^^^k 
lepBl. When ^^ 



injected into the subaraclinoid space anaesthesia of the 
lower extremities is produced, bnt is often associated with 
severe cephalalgia, and sometimes fatal results. Dastre 
very aptly terms cocaine the " curare " of the sense nei'vea. 
Painting over the skin or mucous membranes produeee a 
result similar to what occurs after hypodermic injection, 
but in a leas degree, and due to absorption. The motor 
nerves are usually only affected by large doses, but in som.e 
persons, comparatively amiiU doses have induced pai'esia or 
paralysis, lasting for hours or even days. Ptyalism occurs, 
leading to dryness of the mouth and fauces. Peristalsis 
is increased and vomiting and borborygmi follow its use. 
The other secretions of the alimentary tract are lessened. 
The urea and phosphoric acid excretion is increased by it 
(Fleischer). Cocaine promotes destruction of tissue and 
by a constant repetition of this process leads finally to 
physiological ruin. Mydriasis and proptosis, in 
blooded animals, follow its use. Cocaine causes also great J 
hyperexdtation of the muscular system and marked agita-4 
tion ; a large dose at first may simulate strychnir 
action, by producing muscular tremblings, convulsive move- J 
ments, and spasms. 

Although the mind at first remains clear, there 
usually a tendency to garrulity, followed by great anxiet^l 
and feelings of unaccountable distress. Languor, muscular^ 
weakness, and lassitude will then take possessior 
patient, who becomes haunted by most fantastic hallucina-^ 
tioDS. Some persona simply experience slight elatioi 
it may be drowsiness, but loquacity is the most i 
symptom. 

Cocaine woiild appear to produce an hyperexcitabilitjS 
of the spinal cord, evincing itself in muscular tremblin) 
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and twitchinga (Daatre) ; a similar condition of the medulla 
accounts for the vasomotoi' and reapiratory disturbance, 
while an increased excitability in the cortex brings about 
'ulsions (Eichet). In fine, the effect on the nervous 
system may be summed up in the words of Dastre, who 
says that while the drug paralyses the terminations of the 
sensory uervea, it excites initially all other parts — nerve 
trunks, spinal cord, medulla, encepbalou, and the 83^11- 
pathetic chain. 

Cocaine produces at first a alight rise in body temperature. 

It is eliminated by the kidneys, and often produces 

albuminuria, op glycosuria, which Van Anrep regards to be 

the result of the partial paralysis of respiration. 

No attempt has been made to describe at all fully the 
symptoms which characterise poisoning by cocaine. These 
are bizarre to a degree, and may be grouped as (1) more 
or less heart failure with a remarkable lowering of blood- 
pret-sure, paling of the skin and mucous membranes ; 

(2) great dyspnceic distress from faihtre of respiration; 

(3) impairment of mental faculties and even imconscious- 
uesi!, or in some cases catalepsy. Convulsions may occur, 
or a loss of movement in various groups of muscles. While 
such symptoms usually occur only after the injection of % 
considerable dose of cocaine, they may follow the use of 
even a small quantity. Retention of urine, protracted 
insomnia, and prolonged anorexia are also recorded 
(Kiimmer). Perhaps the most serious danger of cocaine 
is its liability to induce a drug habit. Those who have 

B injected or even applied to mucous membranes, 
a feeling of pleasant exhilaration, and soon 
repeat the application in order to renew the 
The habit once formed is hardly broken. 
Cocaine mania rapidly destroys mental and physical sanity, 
and premature death results. 
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Methods of Eufloyuent. 

1. Instillation into the eye. 

2. Painting over muDoiis surfaces. 

3. Subcutaneous injections. 

4. Infiltration (Sclileich and Reclus 

5. Spinal antestbeaia. 

6. Neural ansesthesia. 
Whatever method be adopted, it should be remembered ' 

that a dOS6 of one grain will in u large number of 
persons produce unpleasant, if not dangerous, symptoms, 
half a grain is a safer dose, thougt even this may in many 
people give rise to trouble. 

1. In ophthalmic practice a few drops of a i 

per cent, solution are instilled into the conjunctiva; this is 
repeated two or three times at brief intervals, and then 
five to ten minutes are allowed to elapse befoi-e operating. If 
the manipulation takes long, it will be necessary to repeat 
the process from time to time. Another and useful method 
of administration suitable for eye work is tne placing of an 
easily soluble cocaine tablet in the ociilo-facial fold of the 
conjunctiva. 

2. For cutaneous and mucous surfaces.— 

As a paint, 20 per cent, solution is used, weaker preparations 1 
being of little value over cutaneous surfaces. Several ' 
coats are necessary, and even then, as a rule, aneesthesia ] 
will not extend much deeper than the true skin. 

When employed for mucous surfaces, especially if thera 
be any possibility that some of the solution may be | 
swallowed, a dilution of 5 per cent, should be adt 
In laryngoscopic and rhinological examination soma 
recommend a 20 per cent, solution, painting the naso- 
pharynx with it. When strong solutions are employed, 
great care mnst be taken to mop away all excess. 



LOCAL ANALGESIA. 



I 



Cocaine is also employed as a spray in an atomiser, a 
4 per cent, solution bfiing used. 

In rbinological examiDations, etc., a dossil of wool soaked 
in a 5 per cent, solution is placed in tlie nares until 
sensation is lost. 

3. HypOdePmiC injection.— Most marked effects, 
both local and constitutional, follow the use of cocain© 
when injected hypodermically. Employed in this way, its 
action is more rapid and more persistent than when 
applied as a paint or an ointment. A 10 or 20 per cent, 
solution is usually employed, and from 2 to 5 minims 
injected at the site of operation. As the effect may pass- 
off before surgical interference has been completed, it will 
often be necessary to inject a second or third dose during 
the operation. Great care must be taken to avoid the 
injection entering a vein, as it is probable that many of 
the deaths following the use of cocaine have resulted from 
this accident. From five to ten minutes must be allowed 
to elapse after injection before the knife la inserted. In- 
jection of cocaine into the tissues is now seldom practised, 
except when the infiltration method is employed, and eveu 
then eucaine /3 is employed in preference to cocaine, The 
advantages of eucaine fi are that it is far less toxic and can. 
be readily sterilised by heating. 

Dose< — When highly diluted solutions are employed^ 
experience shows that a larger dose is borne without toxio 
effects being manifested. One to one-and-a-half grains in 
a one per cent, solution is stated by Reclus to be a safe 
limit, and double this dose when a half per cent, solution 
is employed. However, this is a large dose and is seldom 
now employed. The addition of adrenalin {vide infra^ 
renders large doses safer. 
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4. Infiltration Method. 




Schleich * of Berlin, Eecliia t of Paris, and Oberat of* 
Halle have practised nietLods of local ansestheaia by the J 
endermic and hypodermic injections of greatly diluted j 
solutions of various ansesthetic substances. Drs. Brann | 
and Heinz have ayetematised and simplified Schleich's 
procedure, and in the following account of the infiltration 
method their directions are mainly followed. Braun has 
revolutionised the methods of producing locftl analgesia by 
the introduction of his plan, in which solutions of adrenalin 
and cocaine or eucaine y8 are employed. Not only is the i 
analgesic effect produced, bvit the part is rendered ischiemio \ 
and toxic dangera are diminished. 

Schleich's solutions are three in number : 



100-0 
A preferable I 



CocainB Hydroclilor. . . 0'2 O'l 

Morpbin. Hjdroohl. . . 0-025 0-025 

Bodium Cbloriii. . . 0-3 0-2 

Aq. destill. Bterilisat. ad. . 100-0 100-0 
These solutions are employed according j 
medium, or evanescent anrestheaia is desired, 
solution ia one composed of eucaine ^ oi 
thousand of saline solution (sodium chloride eight parts) | 
by weight (Braun and Heinz). The i 
decomposed by boiling, and so can be completely sterilised. J 
Adrenalin. — The modem practice is to combine J 
this drug with cocaine or eucaine. A solution of 1 i 
200,000 adrenalin chloride is employed. Escessive dosesJ 
(16 drops of a 1 in 1,000, is given as a maximum by-1 
Strnthers) produce faiotnees and r&spiratory difficulty. The \ 
following is the method recommended by Braun. 

■ " SohniBrzloBo Operalionen," Berlin, ISOO. In tbia eihanatJTe wi 
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Technique. — The syringe is constructed to hold 
10 C.C., see fig. 61. The piston must he absolutely true, 
and all the junctions must fit accurately, otherwifie the 
resistance offered by the 
tissues injected causes 
the solution to leak 
hack above I 
piston. Brav 




are made so that they 
can he readily taken 
to pieces, boiled, and 
put together again. 

The solutions and 
syringe having been 
carefully sterilised and 
the ski a thoroughly 
cleansed, the needle is 
inserted eiidermicaUy 
and some solution in- 
jected. The wheal 
resulting is again in- 
jected at its periphery, 
and this is injected in 
hke manner until a 
linear zone of skin is 
rendered osdematous by 
the fluid introduced. 
Subsequent injections 
are made hypodermi- 
cally and -when the Fi 
deeper structures are 

to be operated upon these are also injected. It is advis- 
able to wait for some twenty minutes, or longer, between 
the time of injection and the performance of the operation. 
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WLen the structures are cut, much of the cedema. ] 
fluid flows awiiy, but the tiwaues remnin nnalgesic for \ 
some twenty minutes. Repeated injections are d 
the operation ia in progress. Large quantities of the I 
solution may be employed. It ia usual to scheme the line 
of injections in such a way that all skin areas which are 
to be cut are made analgesic. The nerves supplying them, 
and the deeper structures also, are rendered incapable of 
transmitting painful impressions by injections made into 
the tissues surrounding them. The anatomy of the 
particular region must be studied in the case of all ri 
operations, and the injections made accordingly. In the* 
present chapter it is impossible to enter into furthu; ] 
detail, 

PPBCautionS.— Nervoiis patients are not good sab- J 
jects, as they complain, are restless, and sometimes | 
faint and vomit. The most extreme care must be takoi 
to insure asepsis in the tissues and instruments. It isfl 
estremelj difficult to make inflammatory areas analgesic, J 
and they, as well as those invaded by morbid growths, area 
liable to the danger of having the materies morhi injected^ 
into healthy areas during the infiltration. All Ioob&I 
tissues, such as those about the tongue, must nevwB 
Le infiltrated, as death, due to tedema glottidis froot^ 
e.^cape of the injected solution, has resulted when the J 
attempt has been made. It is practically impossible, by ' 
this method, to render the hollow viscera, e.g., stomach, 
analgesic. I have seen great shock occur when the viscera 
were handled during an operation under the infiltration 
method, even though thevisciis had been carefully ii 
with the eucaine solution. It is difficult to estimate the- J 
amount of pain sufiered by the patients who are infiltrated. ] 
Some appear to have little or none, some more than they J 
tan bear. "Vomiting and faintness, with much pallor, | 
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ur. Children are usuftUy too frightened to 
submit to the process and are upset by it. Some experience 
in. the technique of the injection is needed to get a fairly 
good result, and the operator, unless accustomed to the 
altered appearance of the tissues caused by the inHItration 
oedema, 'wilt often be at a loss to distinguish structures as 
he meets with them in the course of his dissections. As a 
rule picking up bleeding vessels causes pain. It is recom- 
mended that patients should take a meal before the 
operation and be given alcohol, as it is said that it les.sens 
the sensibility of the tissues. For fuller details the reader 
is I'eferred to the eahaustive work of Braun • and papers 
by Braun, Heinz, and Barker.t 

Dr. Leonard Corning of New York, proposes yet another 
method of using cocaine. He first marks out with criiyon 
the superficial veins, to obviate a possibility of punctiuing 
them, and next exsanguinates the litnb with an elastic 
bandage and Esmarch's cord. He then injects superficially 
3 to 5 drops of a 1 or 2 per cent, solution of cocaine 
hydrocblorate immediately above the cord. After waiting 
until the skin is ansesthetic, be injects the deeper tissues 
'with a solution of the same strength, making twenty or 
more punctures according to the area to be rendered 
insensitive. Dr. Coming then appplies a tourniquet at the 
upper Hmit of the anaesthetic zone, and after a few minutes 
operatee. 

This method assumes that cocaine is able to per- 
meate the tissues slowly and exert its paralysing action 
upon the peripheral nerve endings instead of being 
absorbed rapidly into the circulation. Ofaerst haa pur- 



■ ■■ o Arekin f. Falhttog., Aiat. 
B<L IM. KK. S, p. M4. - " 



I 




irfibiunjtm libsr InSltiUioiu- 
l>Ai>ji<i:., Tun B. Vltcbuw, BiilUi, 
waa Dr. nwd. II. Bnim, Ulpili, 

Umt. Fib. ISW.mod Jul; IMS; Jaur. Brit. Mat. Aii»., Dm. 2i, IKH. 




ANESTHETICS. 

Kued this plan clinically, and it is usually called by his^ 

From tbe account given of its physiological action, it v 
be evident that the injection of cocaine is not free from ri 
and that special dangers arise in various operations, 
panophthalmitis has followed its uRe for eye openitio 
Instillation is not siiffieient tor extirpation of the oeu 
globe, or for tenotomy ; for these operations eubctmrj 
junotival injection ia necessary. In many cases patiei 
complain that the division of the deeper structures e 
much pain in spite of cocaine. The presence of glaucom 
is a contra-indication to the employment of cocaine ; in 
according to Javal, its constant use may induce a glauc 
touB condition. 

Although advocated when foreign bodies have to 1 
removed from the cornea, cocaine possesses a serion 
drawback, inasmuch as it induces flaceidity ot the eyel 
and so seriously impedes the operative measures. 

In getiffral surgery, — The infiltration method has : 
been employed very largely, and especially in Germi 
France, and the United States. Neaily every kind i 
operation has been undertaken during its use with ■" 
success. While many have restricted its employment \ 
cases in which a general aniesthetic is contra-indicate 
others have adopted it as a routine plan. Cocaine ; 
even eucaine jfl have not pi-oved uniformly safe, : 
stovaine {vide infra) has as yet I'eceived too limited a 
to warrant its unrestricted use. 

The technique introduced by Eraun undoubtedly 1 
lessened the percentage of failures and i 
frequency and severity of dangerous sequeLe. Wheui 
however, one compai-es the results of a large number t 
local anaesthesia cases with a corresponding number i 
cases in which a general antesthetic has been given wit 
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equal skill and precaution, there seems to be far less to 
recommend the local method than, at first sight appears. 
The effect upon the nerves of many patients of being cou- 
soiouB during the operation is undoubtedly very bad. 

The method, moreover, is not suitable for all operations — 
e.j. excision of the tongue has been attempted, but without 
uniform Eucceas, and, as has been pointed out above, there is 
great danger of oedema of the glottis being caused when 
the infiltration is made into the loose tissues about the base 
of the tongue. 

Operatione on the wrino-generative traet.—Tha injection of 
a few drops of a 2 per cent, solution into the urethra is 
said lo render cathet«risation painless, but this is only true 
when no stricture esista. In like manner the operations of 
lithotrity and htholapaxy may, it is said, be undertaken 
after an injection of cocaine (5 per cent.). Grave dangers, 
have followed the incautious use of cocaine in this depart- 
ment of surgery, so even when local analgesia, is feasible 
it is doubtful whether the patient does not run an even 
greater danger from its use than that to which a general 
antesthetic may expose him. 

In Dental Surgery. 

For the adjustment of elampa and separators, the introduc- 
tion of wedges, the appHoation of ligatures for the rubber, 
for excavating, filling, trimming, or polishing deep cervical 
edges of cavities, the removal of tartar in pyorrhtea 
alveolarts, the modelling of sensitive and irritable mucous 
membranes, cocaine as a paint of a 10 per cent, strength 
is used, or a spray of 2 or 4 per cent, according to the 
degree of senaibility manifested by the parta. Cocaine 
is used before lancing and excising gum-tissue, and for 
the relief of pain after extraction, though it is usually 
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inadequate to accomplish the latter. For aniesthetiaing 
pulps before extirpation cocaine is also used. 

Cocaine is not satisfactory for tooth extractions ; small 
doses are inadequate, and larger ones too frequently give 
rise to constitutional derangement, which is often alarming. 
As a rule, a grain is needed to antesthetii^e sufficiently to 
permit of extraction, and ten minutes must be allowed to 
elapse before applying the forceps. It is best to inject by • 
three punctures, one on the lingual, and two on tbe labial 
aspect of the tooth. One of these being before, and one 
behind the prominent ridge ou the buccal alveolus, they 
will correspond to the roots of the tooth to be extracted. 
An enlarged experience has practically settled the question 
whether cocaine can be safely used in deotai operations, and 
has shown that tbe method is both dangerous and uu- 
satiBtactory. Few now employ it, and all those who have 
had much experience have met with casea which have 
caused great alarm aud in which the patient's 
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A few words may be added upon this subject. Cocaine 
and eucaine fi have been most extensively used, but, as 
has been indicated, both possess disadvantages. Cocaine is 
not easily rendered sterile, and is liable to produce consti- 
tutional symptoms, while eucaine ^ is less potent, and not 
so easily diffused, Stovaino is weaker than cocaine; its 
solutions are acid and easily precipitated by weak alkalies, 
and its injection, it is stated, has caused gangrene. Alypin, 
which has been vaunted as free from these defects, is more J 
soluble, but Braun found its solutions caused some irrita- 
tion, damage to tissues ; and in 5 per cent, concentration i 
gangrene has followed its injection. Both alypin and \ 
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novocaine (see below) have been employed tor spinal 
injection. Novocaine is said to cftuse no irritation, and 
as large a dose as 4 gra. has caused no toxic effects when 
injected into the tissues. Scopolamine appears to be too 
weak when used alone for local analgesia, and to combine 
local injection with the use of a general anaisthetic seems 
an unnecessary complication of methods unless there is a 
very cogent reason for minimising the dose of the general 
agent employed. In such a case the choice of a more 
powerful local analgesia is probably indicated. 



5. Spinal At;.£aTUESiA. 

Although Coi'ning in 1885 suggested injections into 
the subarachnoid space, Bier * was the fret to attempt 
Hyatematically the production of ansestbesia for surgical 
purposes by injecting drugs into the spinal canal in the 
region of the lumbar cord. Bier employed cocaine. Ex* 
tensive experience, however, convinced him, as it did 
others who adopted his suggestion, that the method was 
too dangerous for general application. 

The introduction of Braun's system of combining adrenalin 
with cocaine, although it lessened the dangers fi-equently 
associated with the method, yet failed to obviate them in all 
cases. Among other drugs, stovaine has proved least toxic, 
and is at the present time most generally used. Even 
stovaine has been found by Preindlsberger f to be unsatis- 
factory, and after using it extensively, he returned to tropa- 
cocaine. The fatahties and untoward aequeUe following spinal 
injection have been attributed to the toxicity of the drugs 
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3 Find its congenera, and alao to the injection 
water or normal valine employed in the solution of the drug. 
To avoid these sources of danger, the cerebrospinal fluid 
withdrawn from tlie subarachnoid space has been employed 
as a, Golvetit for the stovaine, ov whatever drug is to be 
introduced. The possible infection of the spinal canal 
must be reckoned with, and avoided by aseptic methods. 

MetllOd. — The patient should be warned of the 
possible failure of the plan, of its sequelie, and of the 
reasons for employing the method in place of a general 
anresthetic. It is better to keep him without food for the 
four hours antecedent to the operation, as, if the spinal 
injection fails, a general anaisthetic may be required. The 
skin of the lumbar region is carefully prepared, and all 
sources of infection removed. The instruments and 
solutions must be rendered sterile, as disaster follows the 
slightest want of care in effecting sterilisation. Stovaine 
can be boiled, but cocaine cannot be dealt with in this way. 
Two postures have been suggested, the sitting, and the 
reclining. Of thase the former is the better when the 
patient is able to adopt it, as more space is obtained for the 
inti'oduction of the needle. The patient sits upon the table 
in what is called the " scorcher " attitude (Halstead), the 
back flexed and the head weU down towards the thighs. If 
the patient cannot assume this position, he is made to lie 
on his side upon the table, and his spine is strongly flexed. 

The iliac crests are then made out with the finger, and a 
line taken across the back from their highest points. This 
gives the position of the fourth lumbar spine, and with this 
as a guide, the spines of the higher vertebrae can be readily 

The point selected for puncture varies ; some prefer tho 
interspace between the third and fourth lumbar spines, and 
some that between the second and third. Authorities differ. 
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also, as to whetker the puncture should be made, as sliown 
in the froutiapiecB, a little to one side of the middle line, 
in a direction upwards, forwards, and iowards towards the 
median line, so aa to pierce the dura in the middle line ; or 
whether it should be made directlytn the middle line. The 
contention that the former plan gives more space is con- 
tested by DiinitE,* who strongly advises the median 
punctnre. The higher injection is recommended by Tuffier 
and others, when it is desired to anajsthetiae the upper part 
of the body. The instruments required are a glass syringe 
fitted with an absolutely true piston, a fine trocar, and 
cannula, capable of being pushed from 2 to 4 inches into 
the back. The seat of puncture may be rendered analgesic 
with ethylchloride spray, or the patient given morphine 
half an hour before the operation. Schieich'a plan of 
infiltrating down to the seat of puncture is hardly necessary, 
as, if the cannula and needle are pcoperly bevelled, little 
pain is experienced. The puncture is rendered easier if the 
skin is divided with a tenotome, bnt even this is rarely 
necessary. The needle is introduced at the point and in 
the direction selected ; care being taken to traverse the 
space between the two spines, either in the median line, 
and so as not to strike the bone ; or on one side of the 
tip of the spine upwards, forwards, and towards the 
central line of the body. The depth to which the needle 
has to penetrate varies from 2 to 3| or even 4 inches. 
The resistance at first experienced is suddenly diminished 
as the needle pierces the ligamenta subfiava ; the needle is 
then pushed on slowly until cerebrospinal fiuiil, at first 
tinged with blood, drops from the cannula. If no fluid 
follows the puncture, even when the cannula ii 
well in and gently moved, or if the flow is not in a 
rapidly dropping stream, it will be necessary to withdraw 

• A<-ch. f, Klimidu CTi™re«, IMS, Bd. 7T, Heft 4. 



the cannula, and make a second punctrire. When, however, 
the flow is KntiBfactory, the solution to be injected is mixed 
with cerebrospinal fluid, 1 to 1 J c.cm. being alowly injected,* 
It is advisable to withdraw a little cerebrospinal fluid into 
the syringe and i-einject this after the first injection to 
ensvu-e that any of the solution which remained in the 
syriuge may in this way be made to enter the subarachnoid 
space. The patient is placed upon his back after the 
punctiire hole is covered with collodion, and he should 
remain undisturbed for ten to fifteen minutes. When the 
upper part of the pelvic region is to be opei-ated on the 
pelvis is supported upon a pillow to allow the injection to 
gravitate upwards, but this ia an unsafe proceilure when 
cocaine or tropacocaine is injected, aa in that case Eaintness, 
nausea, and other unpleasant symptoms are likely to be 
produced. The solutions employed are ; stovaine 4 per cent, 
solution gr. | to gr. 1^ may be employed with a few drops 
of 1 in 1,000 solution of adrenal active principle ; tropa- 
cocaine up to gr. IJ, although aa much as 3^ gr. have been 
used; cocaine 2 per cent, solution 10 to 15 minims, with a 
few drops of 1 to 1,000 solution of adrenal principle. 

Another drug, novocaine, has recently been tried (HoE- 
meier), and, it is stated, has proved more satisfactory than 
stovaine. Novocaine was discovered by Einhorn, and has 
been experimented with by Biederfeld, Braun, and others. 
It acts moie upon the sensory and less upon the motor 
nerves than stovaine, and is in this respect superior to 
that preparation. Meltzer baa obtained some success with 
solutions of sulphate of magnesia ; while alypin, another 
recent addition to the pharmacologists' armamentarium, 
has received encomium from those who have employed it. 
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These preparations are at present under trial, and it is 
premature aa yet to gire a definite opinion upon their 
merits. 

Danqebs and After Effects. 

Young cluldi-en and nervous persona are unsuitable 
subjects for spinal analgesia. " Aseptic " meningiti.s, con- 
vulsions, epileptiform seizures, feyei', severe often stunning 
headache, nausea, faintnet^, respiratory distress, and 
persistent paraplegia have been met with, and it is stated 
that the spinal cord in some instances has become per- 
manently affected. These dangers are far less common 
when stovaine is uaed. Failure to enter the canal and 
inability to establish anEesthesia, even after injection, are not 
infrequent. When cocaine is employed the spread upward 
of its effect is an ever-present danger and must be cai-efully 
guarded against by making the area of injection the lowest 
part of the body. The most usual sequelte are the 
.splitting headache, inability to sleep, nausea, vomiting, 
cramping pains in the abdomen, circulatory disturbance, 
and profound mental depression. Kocher is inclined to 
think the tissues heal less readily, but Halstead has 
not found this to be so. It sometimes happens that the 
injecting needle becomes entangled in the nerves and the 
fluid does not enter the subdural space. Hemiantesthesia is 
a further cause of failure. This is due, as shown by Donitz, 
to the failure of the needle to enter the space lying below 
the cord and between the two bundles of nerve roots. This 
emphasises the importance of puncturing exactly in the 
middle line. 

Treatment on general lines should be pursued, and 
needs no detailed reference in this place. 

Summing up the arguments in favour of spinal analgesia, 
those who have employed the method fail to show that it is 
safer than chloroform, or more free from unpleasant 
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sequelee. Hai^B regards it as only applicable to cases for 
wliich general anaesthesia is an impossibility. It may be ' 
pointed out that the use of regulating apparatus for giving 
chloroform has redticed the dangers to a minimum, ao that 
it aepms hardly Justifiable to employ a method, the safety of 
which is not by any means pstablished, in the place of one 
the dangers of which may be accurately estimated and are 
extremely amall when entrusted to competent hands. 

6. ITEt'RAL OR ReOIONAL ANESTHESIA. 

Injections into nerve trunks (Crile) render the regions 
supplied analgesic. Coming, some years ago, showed that 
perineural injections sufficed to produce analgesia in the 
region supplied by the nerve or nerves injected, and Oberst 
has systematised and brought the plan into practice. It is 
satisfactory, but can only be relied upon in a small number 
of operations upon the Sngevs and toes. To carry out 
either of these plans it isnecesaary to infiltrate the tissues in. 
the region of the nerves or plexus to be dealt with, search for 
and then inject the nerves, Crile relies upon a 0-5 per cent, or 
1 per cent, cocaine solution for the intra-neural injections, 
but the effects soon pass off. Braun, by employing adrenalin 
with cocaine and trusting to perineural injections appears 
to have obtained hettei' results, and avoids tlie tedious 
dissections often involved when a number of nerves have 
been sought for and injected. 

Local Analoebicb. 

E)UCCline & resembles cocaine in its general behai 
It is less toxic, and its action upon the heart is less depress- 
ant. It is a vasodilator, and diffuses less readily than ct 
The hydrochlorate and lactate of eucaine are both in use, 
the latter being the more soluble. 

In infiltration analgesia the following formula (Hare) is 
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mended : Beta-eticaine, gr, i. ; common salt, gr. k. ; aq, 
dest. ^iij. It is better, however, to add adrenalin as de- 
scribed above. Its solution may be boiled before use. 

Poisoning by eiicaine presents symptoms similar to those 
of overdosage by ooeaine. Dose 1 -5 to 2 grains, if used in 
& 0*5 per cent, solution, but double this amount may be 
used witii aO'l per cent. 

TPOp0.COCaitl6 has been used iu ophthalmic and 
dental surgery (gr. ivss. to gr. vi. in extractions). Its 
action was carefully worked out by Chadbourne of Boston.* 
Custer t recommends it as a suitable substitute in infiltra- 
tion fluids. It has been extensively tried for intraspinal in- 
jection, gr. i. to gr. ij. being employed ; the dry powder 
may be dissolved in cerebrospinal fluid {H. Koder). J Others 
prefer Bier's method as safer. 

StOvaine* a body of very compleic chemical com- 
position. Was first made by Fourneau. It occurs in small 
white lustrous scales and is acid to litmus. The employ- 
ment of this drug for local and intraspinal analgesia has 
been introduced by Pouchet, Tuffier, and employed largely 
abroad, and has been used in this country by Barker. It ia 
a synthetic product, produced from tertiary amylic alcohol, 
being in fact the hydrochlorate of amylene. Its use in local 
anassthesia ia less reliable than that ot other drugs, but the 
experience which has been gained shows that it ia less danger- 
ous, and in many cases quite satisfactory in spinal antesthesia. 
It is less powerful than eueaine. It is used in 0*5 per cent, 
or 1 per cent, solutions, the maximum dose being 2 grains. 
It luLs been extensively used for intraspinal injection, A 
10 per cent, solution is used, the maximum dose being 
((■5 to MB grains. Bier combines atovaine with adrenalin. 

• Sm Brit. Mat. Jo«™.. ISM, No. 1651, \: 402. 



Holocailie has been successfully employed by Deneff* * 
of Ghent, Ciutmano in Germany, and Bnidenell Carter in 
^England. In ophthalmic practice 1 per cent, is used. 

ACO'ine, aceonling to Darier,* is of equal vnlue in 
ophthalmic surgery to the above, and has been substituted 
by Trolldenier for cocaine in his infiltration solutions. 
Brudenell Carter speaks highly of acoine. Both holocaine 
and acoine have been employed in local anwsthesia. 

NOVOCaltie is colourless, soluble in water, uuaSected 
by boiling, less toxic than stovaine, and is said to be non- 
irritating to the titsuea, Braun has used 0-25 to 3 per cent. 




traspin^^^H 
□vocaioaj^^H 
chloridj^l 



for local injections with suprarenal extract. For intraspini 
injection the following solution is recommended : Novoci 
0-3 gm. ; suprarenal estr. (1 in 1000), 5 
0-018 gm. 

EtheP Sppay t (Sir B. W. Richardson), — The wood- 
cut explains the simple mechanism of this contrivance. 

The auieEthesia so obtained is confined to the skin, and is 
very transient. Recovery of sensation when the spray ceasea 
to work is often accompanied by very painful smarting and 

• £a Clinique Ophlhaliaeiogiqvi, Jane 26lli, 1899, p. IM. 

t Blchardton teooDini ended anhjdtous ether, sp. gr. 0-72O, miiEd nilh an enaal 
ptnot hjdrida ofWPJl (Rhlgolone), 
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tinglmg. The great drawback to the method is that the in- 
struments and skin get thickly coated with ice, which ob- 
scures the parts, rendering the use of the knife almost impos- 
sible. Further, under ether spray it is difficult to s 
secure blood-vessels, and painful to do this when tht 
thesia has passed off. Unless care be taken, the skin may be 
so much frozen that a aJough like that of frost-bite will follow. 
Various agents have been employed which produce a 
certain degree of analgesia by freezing the tissues upon 
which they are sprayed. We may mention ChlOPlde 

of methyl and Chloride of ethyl. 

COPyl. — A name given by G. Joubert to chloride of 
ethyl mixed with chloride of methyl so as to lower its 
boiling point from 10° C. to 0° C. 

Anesthyle is the name given by Dr. Bengue to a. 
mixtui-e of 1 part chloride of methyl to 5 chloride of 
ethyl. Its use is similiar to that of coryl. 

Rhig^olene, a product of the distillation of petroleum, 
was introduced by Richardson, who employed it instead of 
ether in his atomising spray. 

These substances are kept in tubes with specially con- 
structed stop-cooks, which allow of spraying over the area 
to be frozen. 

A large number of drtigs have been proposed as lo43al 
an!e:sthetics, but as few have special advantages do further 
mention need be made of them here. 

Fapaxiic currents directed for some minutes 
through an area of skin or mucous membrane produce some 
degree of analgesia. At one time this method was ia 
vogue among dentists; it has now fallen into disuse. A 
recent attempt has been made to revive this plan, an 
improved apparatus being employed, but the success 
achieved seems to have been so slight as to make it hardly 
necessary to particularise its features. 
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CHAPTER XII. 




MEDICO-LEGAL ASPECTS OF THE AD- 
MINISTRATION OF ANESTHETICS. 

Tee admiaistrntion of aa aiiiestbetic to a patient who 
is not a miaor, agatust his will, constitutes an ass&utt. 
When a. patient has voluntarily submitted, himself to be 
antesthetised he may, under the influence of terror, 
during an early stage of the proceedings, attempt to 
prevent further oarcous ; he ia then not sufficiently guided 
by his reason, and the administrator is bound, in the 
patient's interest, to take his own course. 

The an^iitbetist, hke any other medical man, is liable 
to prosecution for malpraxis ; it then rests with him to 
prove that whatever steps he took were adopted after 
due consideration and because he believed them to be the 
best he could follow in the interests of his patient. Such 
questions as the following might arise ; Did the aniesthetiat 
undertake a duty which knowledge, skill, and experience 
bad qualified him to fulfil? Did he employ the moat 
suitable agent according to hia view of the exigencies of 
the case 1 and did he administer it with due skill and by 
the most approved method ! Did he possess himself of all 
necessary facts with regard to the patient's bodily condition f 
and did he make due allowance for these io the treatment 
which he pursued ? In the event of an accident of any 
kind, did he adopt the light and appropriate treatment 
indicated in such an emergency ! and was this done with 

s promptitude ? 

Anieathetica have been employed to assist in the 
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peppetpation of various cpimes upoa the 

person narcotised. Thus, it is alleged, an antesthetic may 
be given without the consent of a person ; or, when given 
with his or her consent to effect a lawful procedure, advan- 
tage may be taken of the iinfesthetised person's helpless 
condition to perpetrate a crime. 

Can an anesthetic be administered without COnsetltr? 
Firstly, can this be done whilst a person is awake and 
in fidl possession of hia senses 1 Formerly many cases 
came into the law courts, in which the complainant 
alleged that a handkerchief saturated with chloroform 
was waved before hia face and unconsciousness followed 
iramediately. This we now know to be an impossibility ; 
a period of time varying from two to twelve or more 
minutes must elapse before an individual passes under the 
influence of chloroform, and during this time fresh supplies 
of the auEBsthetic are needed. Further, chloroform in 
most cases, produces so much excitement, that one person 
would find it a difficult matter to keep the victim 
sufficiently still to complete the anaesthesia, and would 
hardly do so without much noise and disarrangement of the 
victim's clothing. Further, unless food Ls avoided before 
the ansesthetic is given, vomiting is very liable to occur, 
and with it a return to consciousness. 

It is often alleged by the supposed victim that he, or she, 
was conscious of what was being done, but was powerless 
alike to speak or resist. Such statements must be received 
with the utmost caution. It is true that Pean recorded 
cases in which patients, though rendered analgesic by 
ether, retained their consciousness as to what wai 
of proceeding. Cases like P^n's must be so exceptional 
that one is tempted to believe the ansesthetic was adminis- 
tered very imperfectly, and that faith in the assurance of 
the surgeon did the rest. Snow also admits the pos^bility 
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of persoDB imperfectly chloroformed being coDScioua and J 
yet powerless to resist. In Attempts at criminal violencs 1 
under an flmesthetic administered without the victim's | 
consent, fear, excitement, and strDggles would all 
against the poaaibihty of arriving at loss of voluntary 
power without deep narcosis. It is very doubtful whether 
a person, be he au expert or not, could narcotise a waking 
adult against his will unless there existed a very unusual 
disproportion between the strength of the two individuals. 
In the case of R. v. Snarey the prosecutrix alleged that 
she had been rendered insensible instantly by something 
being held over her face upon a handkerchief, and that in 
that condition she had been violated. This contention 
could not, in the present state of knowledge, be admitted by 
experts. However, in a parallel case, that of White v. 
Howarth, the prosecutrix made a similar assertion, and 
added that she was aware of what was going on but was 
unable to resist. 

Although the time required to thoroughly anestbetise a 
patient is longer when chloroform ia used than when ether 
is employed, yet, from the highly irritating nature of 
the vapour, ether is less easy to administer to an unwilling 
patient than ia chloroform. And further, ether requires 
the use of some apparatus entirely excluding air, and is 
hence lesfi easy to manipulate by those who are not experts. 
In general it may be affirmed that, if it is difficult to use 
chloroform for criminal purposes, the employment of ether 
presents greater difficulty. In a case leported, it was 
alleged that a burglary was carried out by men who 
chloroformed the owner of the property as ho lay in bed 
and then ransacked the premises. The presumption must 
always be against the truth of such statements. Persona 
•"**■ '"■o guard banks and other places containing valuables 
I several occasions affirmed that they were rendered 
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unconscious by chloroform. while arobbery was carried out. It 
is inevitable, in such cases, to doubt the truth of the story, 
and indeed the persons uttering it huve in some instances 
been shown to have been the actual depredators. 



Can a Person be As^sthetised i 



i Sleep! 



Dolbean made careful experiments with reference to this 
subject, and hia conclusionB are certainly consonant with 
the experience o( moat skilled anaeathetists. 

He first attempted to ansesthetise four persons during 
sleep. Three were awakened in the process. In his seoond 
series of cases four pei-sons out of sis awakened, and in hia 
third series only three persons awakened out of nine to 
■whom he administered chloroform whUe they slept. Dr. 
TurnbuU asserts that either chloroform or ether may be 
given without awakening the subject of the experiment. 
I have no doubt that chloroform may in some cases be eo 
administei-ed, but am leas sure about ether ; in either case 
certain conditions must be present to ensure success. The 
greatest care, skill, and familiarity with the aueesthetio 
used might enable an expert to succeed, and then probably 
only in the case of a heavy sleeper. Dr. Leonard Guthrie 
repeatMlly tried to chloroform children in their sleep, but he 
never succeeded. 

A further question arises, upon which evidence may be 
sought, and that is whether, in the event of his escaping 
capture, it is possible to prove the person attempting to 
administer an antesthetic with criminal intent was one 
skilled in its use. To determine this offers some didicuUies, 
The presence of apparatus, the method in which lint or a 
handkerchief is folded, or blistering of the lips and nose 
from allowing the chloroform to drop upon the face, might 
offer a clue. If ether be employed we may be sure that 
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AntestEiMics hare been giT«D to assist in the cotntnittftl of 
SOBBBKT, KAPz, and mchlatios. What h»9 been said above 
leaves littie to add witfa regard to robbei;. Chses hare 
oocurred of peracnu irbo, h was alleged, wcie teodorad 
irresponsible for tbeir a«tioDs for some wee48, or Iraiger, 
aft«r taking aa aiuestbetic Such instances of temporary 
insanity are very rare, but may aj^se among the neurotic, 
and those whose family history reveals a tendency to 
mental inHtability. 

Id a case in which the writer waa asked to give expert 
evidence, a highly respectable young man was charged with 
indii'cent exposure. The defence, which was accepted by the 
judge an conclusive, was based upon the fact that the 
defendant's mental poLse had been upset as a. result of 
inhaling an amesthetic. The family history was one of 
marked mental infirtmty. 



Attempted Rape usder As.esthetics. 

Many cases have now been reported in which the prose- 
cntriz has affirmed that a dentist or medical man has 
violated her person while she was under the influence of 
an anieKtbetic. So Frequent are such charges thtkt the 
greatest care should be taken in order to ensure the 
presence of a third person at least within ear-shot and 
preferably within sight of the administration of the 
antesthetic. No administrator of an aniesthetic Is safe 
■TDg such a, charge preferred against him, and if 
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lie and his supposed victim are alone it is simply a 
word against word. Further, the woman may be enceinte 
at the time of the alleged rape, and may subsequently give 
birth to an infant whose parentage she may find it con- 
venient to fasten upon the medical man. 

But it is not only designing bad women who bring such 
charges ; modest, virtuous, and refined gentlewomen have 
been the accusers in these cases. The canae for this 
remarkable and deplorable state of things is fortunately 
not far to seek. Chloroform, ether, possibly also the other 
carbon compounds employed in producing ancesthesia, 
nitrous oxide gas, and even cocaine, possess the property of 
exciting sexual emotions, and in many cases produce erotic 
hallucinations. It is undoubted that in certain persons 
sexual orgasm may occur during the induction of aniestbesia. 
Women, especially when suiTering from ovarian or uterine 
irritation, are prone ta such hallucination, and it is almost 
impossible to copvinc6th6m,aftertheir recoveiy to conscious- 
ness, that the subjective sexual sensation had no objective 
origin. It is stated that women at their menstrual 
periods are more prone to erotic hallucinations than at 
other times, a fact which may be borne in mind. A case 
cited by Sir B, W. Richardson will illustrate this statement 
A young lady had chloroform administei-ed to her by a 
doctor in the presence of a dentist and the young lady's 
mother and father. After the tooth had been extracted, 
and the patient became conscious, she steadfastly aiErmed 
that she had been criminally assaulted by the dentist, and 
to this statement she adhered, although the four persons 
present in the room strove to disabuse her mind. 

In considering the evidence is such cases, the following 
points need especial attention : — 

Nature of the arieesthetic. — Chloroform, ether, and the 
other members of the carbon amesthetic series, certainly 



ANESTHETICS. 



slves from ai^^^H 
.sed patient i^^^l 



render persons wholly unable to protect themselves f i 
personal iU-uaage. The body of the antesthetised patient i^"' 
however, rendered utterly flaccid, and is a dead weight. If 
then there is any question of moving the body — as, for 
example, from a dental chair, and again back into the chair — 
it must be remembered that such an undertaking would be 
exceedingly difficult for one individual, however strong, 
and could hardly be accompliahed without causing much 
disarrangement of clothing. 

On the othei" hand, if the offence was alleged to have been 
committed when the patient was under the influence of 
nitrous oxide gas, it would have to be borue in mind that 
the effbct of this gas ia to produce, first mnaeular rigidity 
and subsequently violent jactitation. Further, unconscious- 
ness only persists for about half a minute, or, in exceptional 
cases, a trifle longer, and the patient regains her senses with 
control over her muscles in a few seconds. This being so, it 
is exceedingly improbable that even a premeditated and 
skilfully planned attempt at violation would be Buccesstul if 
made upon a woman under nitrous oxide gas. 

A caution is needed about admitting the evidence of a 
person only just recovered from an anfesthetic. The 
following case illustrates this : A dentist appealed to a 
friend to extract a tooth. Under gas he struggled so 
violently that the operation was not attempted, but, as he 
came to, he reproached his friend most bitterly, telling him 
he had felt the whole pain of the extraction and was even 
then sufiering torture. 

Death under an An.«ssthetic. 

It becomes requisite to decide whether the death was 
suicidal, accidental, or due to an anaesthetic given by a second 
person ; and then whether that individual was competent to 



administer it. Chloroform is frei^uently used a: 
and many deatha have resnlted from accidents, such as the 
soaking of the patient's pillow with chloroform. The pre- 
sence of a phial near the corpse might point to self- 
administration. Ether is not used similarly, and is not 
selected hy suicides. One death from nitrous oside gas, 
under similar circumstances, is reported from America, A 
dentist, whilst under the influence of dptnk, placed himself 
in his chair and, turninf,' on the gas, held the face-piece over 
his mouth and nose. In the moniing he was found dead, 
and the gasometer empty. A somewhat similar case 
occurred in England. 

It ia important to carefully search for evidence as to how 
the anaesthetic was administered, as this may determine 
whether it was done secu-iidum artem or unskilfully. 

The inquiry into a deatll supposed to be from an 
anSBSthetic commences with the question — Was it due 
to the an(esthetic, to haemorrhage, shock, exhaustion, or to 
BOme other complication following the surgical operation? 
The mode of death due to chloroform, ether, and other 
agents, is described under the heading chlorofoi-m, etc. 

The CHOICE of the anesthetic would have to be 
JDBTiFiED : thus, were chloroform given for a simple tooth 
extraction in lieu of the safer agent — nitrous oxide gaa — and 
were the patient to succumb, the administrator would have 
to explain why he selected the most dangerous agent and 
what physical conditions existed which justified him in hia 
choice. 

All anaesthetics are dangerous. In the hands of one 
stilled in their use this danger is minimised ; but, whatever 
may be individual uses and opinions, the general consensus 
of behef places annssthetics in the following order of 
safety ; nitrons oxide gas when used for short operations ; 
ether ; chloride of ethyl ; chloroform. Other substances are 
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not used sufficieatly often to make statistics reliabl^^^^f 


but the following table gives a. rough estimate of theit^^l 


danger.* 




Table showiko Death-iiaxe cndee 


rnE Vabious 


AKi;3THETIC BODIEH.t 




Death 


Adn.ini»i™tiona. 


Chloroform (Coles, Virginia) . 53 


152,260 


(Richardson) . . 1 


2,500 to 3,000 


„ Baudena (during Crimean 




War) ... 1 


10,000 


War of Secession . 1 


11,448 


„ Gui-lt (Reports In Ger- 




many, 1895 and 1896) 29 


34,401 


Julliard (Geneva) . 161 


524,507 


Ether (Andrews J) ... 1 


23,204 


„ JuUiard (Geneva) . . 1 


14,987 


„ Lee (Chicago) . . 4 


92,816 


„ Gurlt (German Hospitals, 




1895 and 1896) . . 3 


13,008 


Nitrous Oxide Gas . . . 1 


100,100 


Chloride of Ethyl ... 1 


13,000 


Amylene .... 2 


338 


Hydrobronnc Ether ... 2 


600 


A.C.E. mixture. No, not ascertainable § 




Methylene mixture ... 1 


5,000 


■ No BKBt stte88 can be laid npon anch fignreB. ts. in man 


ycaaesadeathoqonrwd 












eblorofoim dtathd in 13,3P3. llisM ate claa«fled la E doe whnllj to cblorotom, i 


jirinclimlly tu It and 11 douHtful. Under tlher 6 deaths 


a 4,SSB caaea, bat none 










J RichardBOniUtea eTtonasnsly that no death hai ocean 


■od under A.O.E. mix- 1 


,^_ n. n„,a of Dajton, Ohio, reiK-rta three dtatha, a 


ad setstol Dthen hara ^^H 
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It muat be added that Saotland presents ! 
statistics much more favourable to chloroform 
of 36,500 administrations at the Edinburgh Infirmary 
during ten years, only one death has been recorded , 
Inquiries recently made have revealed that several deaths 
from chloroform have occurred at the various surgical 
centres of Scotland, ho that the above estimate can no 
longer be taken as a reliable statement of the death-rate 
from chloroform.* 

Dr. McEwen gives his own results at Glasgow (computed, 
not recorded) as 11,886 cases of amesthetics, 500 of which 
were ether cases. He makes various deductions from his 
total and regards 10,000 with one death as his chloroform 
record. Sir George Macleod mentions 15,000 casfis with 
one death, and Dr. Buchanan 9,000 with one death. Thia 
gives the total of 34,000 with three deaths, or one in 11,000 
about, for three leading Scotch surgeons. This estimate 
cannot be taken as representing accurately the death-rate 
under chloroform in Scotland at the present time. 

Questions of Eesponbibilitv. 

These arise when the patient dies under an anaathetic, 
and may involve the question as to whether the most suit- 
able anesthetic was employed by the best method. Some- 
times a patieut refuses one anfeathetic, preferring another; 
here the administrator clearly cannot shirk responsihihty, 
but must give that agent which he deems best if actual 
danger is involved in deferring to the wish oE the patient. 
In the converse case, when death occurs during the ad- 
ministration of an anassthetic which the patient declined to 
take uutil persuaded, Kijoled, or forced into so doing, the 

■ No ODroDac'a toqsut is held In S:otJiuid npon '' Denibj undue Chlarafurm,' 
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aussthetiEt would bave to show that his special knowledge I 
guided him in makiog his selection, which, although it led to \ 
a fatal result, was, in point oE fact, the best choice he could f 
make in the patient's interests. In the employrnent of a \ 
new or untried anwsthetic, very grave reaponsibility would 1 
rest with the administrator unless he very fully and clearly I 
explained the possible results, and obtained the patient's f 
consent to the trial. 

A question which we have not yet considered arises — I 
Who, in the eye of the law, is qualified to administer an j 
ansesthetic ? At present some uncertainty exists upon J 
the point, owing to discretionary power being left to the \ 
operator to assume the so-called responsibUity of the 
anffisthetic. Thus nurses, students, butlers, coachmen, 
dispensers, and various unqualified persons have been 
frequently permitted to give the anresthetic, or, as the 
phrase is, " keep it going," while the surgeon, besidea 
operating, is supposed to exercise a general supervision , 
over the administrator's proceedings. If any accident 
happened the certificate would have to be signed by the i 
surgeon, and the Coroner's Court might admit the principal's 
evidence. It cannot he doubted that, to give any individual | 
an ansssthetic subjecting him to a minimum of dange 
all one person can do, and can only be accomplished by 
those specially instructed and experienced in the use ol 
anresthetics. Were an action for damages raised upon t 
death occurring under the above-named circumstances, 
there is Httle doubt that the persons proceeded against 
would be heavily mulcted, since nothing short of the utmost 
emergency could justify the proceeding. 

The more stringent view now taken by the General 
Medical Council with respect to " covering " renders the 
position of a qualified medical man who allows an unquali- 
fied person to assist him by administering an aneesthetic a 
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difficult one. Unless it could be shown that the aid of a 
second qualified medical practitioner could not be obtained 
or that delay was detrimental to the patient, the question 
of "covering" would arise, and might be difficult to meet. 

Recently an action for malprasis was taken out in a 
colonial court against a medical man who had administered 
chloroform to a patient with a fatal result. The question 
rested upon whether the antesthetic was rightly and 
skilfully given, and this being taken as proved, the court 
decided the case in the medical man's favour. 

In another case the medical man administered the 
aniesthetie (chloroform.) without assistance, and pro- 
ceeded to operate. The patient, however, died, and an 
action for damages was brought and eventually decided in 
the medical man's favour. The line of defence adopted was 
(1) the medica-l man was didy qualiHed ; (2) chloroform was 
necessary ; (3) the operation being slight — moving a joint 
— the presence of a second doctor was unnecessary ; (4) all 
was done which experience and knowledge demanded ; (5) 
the death was unavoidable, and not due to carelessness or 
want of skill. Expert witnesses were called for the defence 
to show that the aniesthetie used was a suitable one, and 
that it was properly administered. 

Should Dentists give An-bbthetics % 
How far dentists practising with or without the L.D.S. 
diploma are legally justified in administering anresthetica ia 
a moot point. Many hold that the L.D.S. confers a right 
to the administration of nitrous oxide gas, but no other 
form of ansBsthetic. In the United Kingdom no trial case, 
I believe, has been contested. The gi'ound for this affirma- 
tion that licentiates in dental surgery possess such a right 
bos no legal basis, but has grown out of the belief that the 
use of nitrous oxide gas is part and parcel of the dentist's 
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calling, and that so he has a right to employ it. This, 
however, applies with equal force to all registered dental 
practitioners. Probably the issue would rest, in the 
preseut ambiguous state of the law, more upon the 
experience and recogLised skill of the person administering 
the ante^thetic th&n upon the nature of his quatilication. 
Thus, could it be shown that a registered practitioner, after , 
two or three thousand successful administrations, met with 
an accident, in spite of all due care and precaution, he 
would probably be in a better position than would a well- 
qualified practitioner, who met with a fatality presumably 
through maladroitnesa, if it were shown that he had 
never obtained a practical experience in giving antes- 
thetica. 

In any case, a person would be open to grave censure, if 
not liable for malprasis, were be to undertake the adminis- 
tration of an anieathetic, and operate single-handed, unless 
it could be shown that to do so was a necessity, no help ' 
being available. 

liEGAL ReSPONSIBILITIEB OF Au^STnETISTS. 

It has been made a subject of much debate — with whom 
rests the responsibility of the choice of the auEesthetic, the 
surgeon who operates, or the ana;sthetLst who gives the ansea- 
thetic ? Clearly this must depend entirely upon the under- 
standing which exists between the two. If the anaesthetist 
is called in, as an espert, to decide what anesthetic is best for 
any given patient, his must be the sole responsibiUty ; while ' 
if he is present simply as an assistant to the surgeon to give 
in the best possible way an ansesthetic wiiich is named by 
the latter, his responsibility can extend only so fa: 
actual administration is concerned, If the two c 
the surgeon, insisting upon an anteathetic which th 
thetist conscientiously believes will jeopardise the patient's 1 
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life, cannot cover the ansesthetist, and the latter baa but 
one course to adopt, namely, to retire from the case. As, 
however, the esperienoe of the surgeon may equal or 
exceed that of the atueathetist, especially if the patient is 
the former's, to retire from the case is a grave step for any 
anesthetist to adopt, and could only be justified in most 
extreme cases. It is best, in all cases of doubt, that a con- 
sultation between the surgeon and the anfesthetiat be held 
and the questions of choice of anaesthetic and method be 
discussed deliberately from the two pointa of view. 

CoVKRISG. 

It has been decided by the General Medical Council that 
any medical man who gives anajsthetics for a dentist who 
does not in fact possess the right to practise as a dentist, is 
in the eyes of the Council guilty of the offence of " cover- 
ing." No pronouncement has, I believe, been made dealing 
with the question of a duly qualified medical man giving an 
anfflsthetic for a non-qualified person, or one who is not 
registered, in order to assist him in the performance of any 
operation or an examination. It is probable that a case of 
this kind would also be regarded as an act of " covering," 
and would carry with it the punishment accorded to that 
offence. The kindred ca^e of a qualified medical man inviting 
an unqualified assistant to give an anaesthetic has frequently 
arisen. As has been pointed out above, unless it can be shiwn 
that the help of a second qualified praetitioner could not be 
obtained, the qualified practitioner might be liable to an in- 
dictment for " covering," 

An^sthbticb roR Illegal Opekatiojjs. 

How far, in the eyes of the law, an auieathetist would be 

regarded as an accomplice to the operator is at present 

undetermined by judicial decisions. In the event of the 
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anaesthetist becoming acqimloted with the nature of the 1 
proposed operation before the a&iesthetic was given, he wonld I 
certainly be incriminated if he then assisted the carrying ] 
out of the operation by administering the anBesthetic I 
Whilst it is not the business of the anjesthetist to inquire into 
the nature of any operation, or to criticise the way in which 
it is performed, he should make himself acquainted with the 
fullest details of the case if he has his suspicions aroused. 
When any doubt is present in his mind as to the legality of 
the operation, or as to the bona fides of the person conduct- 
ing the case, he will do wisely to retire from it, as his 
presence gives his tacit consent to the operation and would 
probably place him in the same position as the operator 
should legal prosecution follow. It need hardly be pointed 
out that the anissthetist shares in no way the legal responsi- 
bility, as to the advisability of an operation, the manner in 
which it is performed, its success or failure, save and except 
in so far as these may be involved in the manner in which 
he has conducted the administration of the aniestbetic. An 
exception to this arises when the anesthetist becomes ac- 
quainted beforehand with any facts which make it evident 
that the operation is a fraud or undertaken to obtain money 
by false pretences, and is not one which would be performed 
by any recognised authorities upon the subject. Under 
such circumstances the anteathetist has but one course open 
to him, viz., to retire from the case. 



Db4th feom Nitboub Ojcide Gas, 

The deaths which have occurred when the patient had 
inhaled or was inhaling this gas, cannot be imputed to any 
specific action it exercised. In some cases heart failure 
occuiTed upon the patient's resuming consciousness before ths 
operation was completed, and in others respiration was inter- 
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fered with by gags slipping and setting up laryngeal spasm. 
Unquestionably there is <!anger it the patient is allowed 
to feel pain, especially in operations upon the fifth pair of 
nerves ; hut httle, if any, when the gas is given fully and 
the operator warned to desist before consciousness returns. 
In one case an elderly lady died under this aniesthetic. 
She was wearing extremely tight corsets, her heart was 
diseased, and her stomach contained food. The gas was, 
moreover, administered twice. It has been stated • that 
when nitrous oxide and oxygen are given together acut& 
dilatation of the heart takes place and fatal results follow 
if chloroform is given after this mixture. 

The P.M. appearances are simply those of death front 
syncope, or of death from asphyxia. 



Death from Ethee. 

Ether, when swallowed, gives the following symptoms.. 
The patient is lethargic or comatose, breathing slowly,, 
deeply, and with stertor, the skin is pale and cold, and 
covered with clammy sweat. The exposed mucous mem- 
branes will be purplish ; the face livid ; the pulse quick, 
soft, small and compressible. Complete muscular relaxa- 
tion gives the body a flaccid, doughy feel. The eye is fixed, i 
and glassy, and usually smeared with a thick film of mucus, i 
the pupil is dilated and insensitive to light. The body i 
temperature is depressed several degrees below normal. 

If the vapour of ether has been inhaled, a much smaller- I 
dose suffices to produce death than when hquid ether is 
swallowed. The symptoms detailed above may be brought- 
on in from three to five minutes. Sis drachma to an 
ounce are necessary to produce narcotism when swallowed. 
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The symptoms anil appearances of persona dying as a 
result of ether inhalation will differ according as the ether 
has caused respiratory or circulatory failure. In cases 
acute pulmonary mdema the lung symptoms will predoi 
nate, while cerebral hemorrhage occurring under ether n 
give the characteristic symptoms associated with the brain | 
lesion. 

Post-moptem appearanees.— If * 

within twenty-four hours after death, the brain, lungE^ { 
liver, spleen, or kidneys, upon being cut, give a Btrong ] 
ethereal smell. The blood is dark and tiiick, although i 
still fluid. The lungs are congested posteriorly and filled 
with aerated spumous fluid in front (Taylor). Tha 
bronchial mucous membrane b reddened from injection 
throughout its entire extent. The cerebral and spinal \ 
vessels are found congested, and the meninges stained. 

Ether, when swallowed, baa not caused death in tl: 
human subject (Taylor). Orfila, experimenting upon dogs, 
found the mucous membrane of the stomach of a black-red I 
colour, acutely inflamed by a lethal dose of ether. The | 
duodenum was also red and inflamed, and the heart coi 
tained black blood which was partly coagulated. 

The detection of ether hy analysis.- 

Ether in liquid may be distilled from the stomach contents 
and led through a glass tube containing asbestos moistened 
by a mixture of sulphuric acid and saturated solution of 
bichromate of potash. The asbestos turns green. 

Its odour is also characteristic ; ether burns with a 
smoky yellow dame ; it is only slightly soluble in water. 

The tissues. — in recent examinations the odour is 
characteristic. Since but little ether is absorbed by tha 
blood, and of this little some is converted into aldehyde 
(Taylor), it is almost impossible to separate ether by 
distillation from it or the solid tissues. 



De4th from Poisoning by Chloboform 

May occur through inhaling the vapour or drinking the 
fluid. If examined before deatli the individual will be 
comatose, breatliiDg stertorously, ivith slow, shallow, re- 
spirations. The skin will be cold itnd blanched, the face 
livid, the lips ashen in hue, the pulae imperceptible, and the 
pupils may be widely dilated, but insensitive to light. 
Muscular flaccidity is present, but epileptiform convulaiona 
often occur. 

Post-moptem appearances.— In cases of 

death from chloroform the appearances reported vaiy very 
much, and this is probably due to the confusion present in the 
minds of many persons concerning the connexion of cause 
and e£Eect. Thus death from asphyxia, fear, shock, and so 
on, may be attributed to chloroform ; furthermore, the 
autopsies are seldom made soon enough to be of any value, 
while sufficient note is seldom taken of the degi-ee of 
narcosis in which death occurred. We should expect the 
cadaveric appearances presented in the first degree to differ 
widely from, those found in later degrees, and yet in but few 
records have I been able to find any information bearing 
directly upon this point. 

In the earlier degrees chloroform congests the vessels of 
the brain and cord, and so this condition, although incon- 
stant, is sometimes found. 

The lungs are usually deeply congested, the heart empty, 
flaccid, or containing a little fluid blood. In some cases the 
right heart is full, even to distension, of dark fluid blood 
(asphyxia). The blood remains fluid, it is very dark, and is 
said occasionally to contain bubbles of gas (Taylor). Snow, 
analysing thirty-four cases, describes visceral engorgement, 
but in some instances he found the lungs normal. Casper 
denies that any of the features pictured above are patho- 
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gnomoDic of chloroform poisooing. When tho drug is 
swallowed it produces gastro-eateritis, and pathological 
appearances resulting from this would be seen post 
mortem. The appearances of the viscera in " delayed " 
chloroform poisoning {acidosis), as in the case of delayed 
ether poisoning, are not characteristic. The liver is often 
small, friable, and atrophic and the gastro-intestinal tract 



Detection of ChlOPOform. — The odour very Boon 
passes off. Dr. Taylor failed to detect any in the blood half 
an hour after administration. Analy^s of the blood also 
fails to reveal any evidence after half an hour. 

Analysis of the tissues. — The substance sup- 
posed to contain chloroform is placed in a flask, one end of 
which is in a hot -water bath, the other communicating with J 
a tubulure which ia heated by a flame. The bath is raised I 
to 160% while the tube is heated to redness. Chloroform.J 
vapour driven off by the heat of the water bath ia split up .1 
as it traverses the tube, hydrochloric acid and chlorine beingj 
set free. The vapour reddens blue litmus, precipitates. I 
solutions of nitrate of silver, and liberates iodine from iodide 1 
of potassium, which is tested in the usual way — with stoj-oh. j 
paper. The most accurate method of obtaining a quantita- 
tive analysis is that of Vernon Harconrt. 



Self-Induloencb ih An^sthktics. 

A " hahit " has been unhappily created for most forms rf I 
ansesthetics. Thus, some persona become addicted to self- | 
administration of chloroform; others to that of ether j 
others again to that of chloral, while cocaine alao has it« J 
victims. It ia not within the scope of the present work to I 
descri""- "' ■■opet modes of treating the slaves oE such \ 
ud' »its, but merely to diaw attention to them, j 
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that medico-legal queationa arising out of such depraved ■ 
pra,cticea may receive due notice. Nitrous osdde gas, 
althoiigh presenting greater diffioultiea to self -administra- 
tion, has yet led some weak- principled persona to practise | 
self-induction of ancesthesia by its aid. 

The possibility of the subject of an inquiry — in any case 
of supposed suicide or murder by antesthetics — being- an 
habitug of one of them, should not be allowed to drop out 
of mind. 



iNSANiry FOU-OWIKG THE ADMINISTRATION OF 

Anesthetics, 

Among persons predisposed to insanity tbe administra' 
tion of ansstheticB may, in certain rare cases, determine 
an attack of mania. " It is the fact of the temporary 
disturbance of function, and not the means by which this 
is produced, which is of most impoitance " (Savage). It is 
stated, upon the high authority of Dr. Savage, that chloro- 
form, ether, nitrous oside gas, or indeed any anaesthetic, is 
capable of so interfering with brain functions, that the ' 
delirium of commencing narcosb may become i-eproduced 
upon the patient's recovering from the sway of the 
aucesthetic, and may either persist as intractable mania, or \ 
pass off after expending its violence in a sharp but transient 
maniacal seizure. This liability was also noted in 1865 by 1 
various speakers at the meeting of the Superintendents 
of American Institutions for the Insane, at least as far ' 
as chloroform and ether were concerned. The possibility ; 
of such a result ensuing upon the administration of an I 
aniesthetic to a person either highly neurotic, or coming j 
from a family in which insanity has been developed, should 1 
be borne in mind when such individuals are examined with i 
a view to ascertain their fitness for aufeathetisation. The 
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suggestion that such persons should be treated with spinal 
or local analgesia cjiunot beconsidereclsatitifiictory, Mania 
is recognised as s possible result of these methods, and those 
who have had much experience warn us against employing 
them for neurotic and nerroos patients. 



INDEX 



Abdaminal surgery, anaesthe- 
tics in, 33, 46, 53, 317, 368 

Accidents nnder anaesthetics, 
91, 93, 168, 233, 234, 257, 
270, 275, 285, 333, 366 

A.CJg:. mixture, 289 

administration of, 290 

after-effects of, 291 

Ellis's combination of 

ynspoxoBj 289 

first suggested by Harley, 

289 

Gwathmey's combinfi- 

tioii of vapours, 289 

Martindale's combin£i- 

tioii of vapours, 290 

T^rrrell's method of com- 
bining the vapours of chloro- 
focxn and ether, 292 

bb; delayed chloroform 

?, 252 
>, 378 

AeapoDcture of heart in chloro- 
focxn syncope, 246, 352 

post-nasal growths, 
in operations on, 
40,313 

Adamnstration of amylene, 285 

— ddoffctform, 201 

— attwr, 143 



Administration of ethidene 
chloride, 287 

— ethyl chloride, 258 

— hydrobromic ether, 282 

— methylene, 294 

— nitrous oxide, 80 

and oxygen, 104 

with air, 101 

— pental, 285 

— somnoform, 273 

— various mixtures, 288-304 
Adrenalin, 364 

JSther, see Ether 
After-effects from A.C.E. mix- 
ture, 291 

chloroform, 248 

cocaine, 368 

ether, 168 

ethyl chloride, 275 

hydrobromic ether, 285 

intraspinal injection, 

375 

nitrous oxide, 91 

and oxygen, 109 

pental, 286 

rectal etherisation, 161 

Schleich's solution, 295 

Aged, choice of anaesthetics for 
the, 34 

— nitrous oxide for the, 100 



4*n 



DD 



' 


^^^H 


402 INDEX. ^^^B 


Albuminuria after cliloroform, 


Apporatua— ™»/, ^| 


251 


Coleman (nitrous oxide), 98 ^^H 


cocaine, 361 


Coxon (nitrous oxide), 69 ^^^H 


ether. 120, 175, 177 


Dubois (chloroform), 202 ^^| 


nitrous oxide, 84 


Ethyl bromide (Mayer and|^^| 


^pental, 286 


Meltzer), 284 ^H 


ScWeich'a solution, 295 


Encaine (Schleich's infiltro-^^H 


Alcoholism, anceBthetica in, 38, 


364 ^H 


233, 360 


Flnx (nitrous oxide), 65 ^H 


Allia'B inhaler, 141 


Hewitt (nitrous oxide), 71 ; ^™ 


Alypin, 370 


(gaa and oxygen). 105 


Amylene, 285 


HiiUard (nitrous oxide), 87 






gas, 05 


Junker (chloroform). 214 


— under gas ond oxygen, 65 


Kingsford (ethyl chloride). 


AniEBthoticB, abuse of, 398 


201 




Krohue (chloroform), 219 




Lennox (nasal), 90 ; 


Amesthetising during sleep, sea 


Levy (chloroform), 211 


Sleep, 383 


Luka (ethyl chloride), 264 


Anraathyle, 272, 379 


Orraaby (ether), 136 




Paterson (nitrous oxide), 68 


in, 49,96.239,311,312,342 


Peehell (ether), 139 


Ankle clonus Under ether, 124 


Probyn Williams (ether), 135 


_ — — nitrous oxide, 63 


Rendle, 140 




Rumboll (oxygen and ni' 


Apoplectic seizures under an- 


trouBoxidB}, 110 


ssthetica, 46, 99, 174,366 


Sansom (chloroform), 202 


Apparatus : 




Allis (ether), 141 


223 


Bert's (nitrous oxide), 104 


Sheppard (ether), 134 


Braine, Carter (nitrous oxide 


Silk (ether), 141 


and air), 102; (A.C.E.), 


Skmner, 322 




Snow (chloroform), 302 


Buxton, Dudley (nitrous 


Tyrrell (combined vapours),' 


oxide), 69; (ether and gas). 


292 


150 i (ether by rectum). 


Vernon Harcourt (chloro 


160; (chloroform), 216 


form), 203 


Clover (gas and ether), 148 ; 


Vernon Knowles (nitroaa 




oxido), 71 ; (ethyl chlo 


I^B 


ride), 202 



■ INDEX, 4M^^B 


1 Arloing, 357 


Blood-pressure variations un- ^^| 




der anaesthetics; ^^| 


1 45, 100. 120, 174 


chloroform. 190 ^H 


1 — tension under nitrous oxide. 


cocaine, 35S ^H 


F 62 


ether, 125 ^H 


Artificial reapiratian : 


ethyl bromide, 281 ^^| 


Forced roapirntion, 347 


ethyl chloride, 256 ^H 


— Howard, 346 


nitrous oxide, 62 ^H 


— Marshall Hall, 347 


pental, 280 ^H 


— Schafer, 343 


Bonmoform, 273 ^^| 


— Bylvester, 345 


Braid, nenr-hypnotio trance, 9 ^H 


Aaphyxial complications : 


Brain, aotosthetlcs in oper^ ^^| 


under chloroform, 234, £38, 


tions on, 32, 121, 300, 305 ^H 


333, 337 


Braine, Mr. C. C, chloroform 


— ethoc, lfi2, 16S, 170, 333, 


bottle. 217; ether inhaler, 


337 


138 : gaa and air inhaler. 


— morphine and chloroform, 


102: method of using 


301 


Ormsby's ether inhaler. 


— nitrous oxide. 95 


137 




Braine, Mr. W., gas and ethef 


40, 120 


method, 154 


Astigmatism after chloroform. 


Braun and Heinz oo infiltra 


253 


tion method, 364 




Braun's infiltration method. 364 




— introduction of adrenalin. 


Barker on " Local Analgesia," 


364 


307 


— neural anesthesia, 376 


Barton — -method of giving 


^spinal anEESthesia, 371 


ethyl chloride, 278 


Breath holding, 92, 132, 230, 


Bernard Claude, 121. 299 


238 


Bert's, Paul, method of giving 


British Medical Association, 


nitrous oxide under pressure. 


anaesthetic report, 21 


102, 104 




Bier's method of intra- 


committee. 22 


spinal injection of cocaine. 




371 


— and chloroform, 298 


BiUroth's mixture. 28S, 292 


— and ether. 284 


Bird, prolonged operation un- 


Bronchitis, choice of antesthe- 


der gas, m 


ticsin, 3U, 119 


II Blood changes uniler anEesthe- 




1 tics, Gl, 121, 184 


170, 248, 290 



r^ 




^^^H 




404 INDEJi ^^H 




Broncho-pneumonia after 






ether, 170 


224 ^H 




Bcuntoo, Lauder, on action o£ 


— after-effeotB, 248 
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Buxton, Dudley, on ankle 
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of cocaine, 3S8 ; of ether, 
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perties, 180 




60, 63 ; gaa apparatus. 69 ; 


— compheations under, 234 




ether inhaler, 160; ehloro- 


— dangers from, 230, 330 






— deaths from, 397 




mouth-propH, 75 ; rectal 


— deeompoEition of. 180, 261 




Btheriser, 160 ; oral spoon, 


— delayed poisoning by, 262 




77 ; use of oxygen with 


— detection of, in tissues, 398 




ether, 158 ; with chloroform. 


— discovery of, 17 




241, 298, 306, 343 
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— impurities of, 182 ^| 
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Clover, 202 
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202 
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Dudley Buxton, 316 
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Cerebral ha-morrhage, OS, 174, 


Junker, 214 
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Krohne (Junker}, 219 
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82, 85, 111, 120, 260, 268, 


Lister's plan, 221 
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Skumer, 222 




form, 303 


Snow. 202 




and morphine, 303 


Squire, 202 


K 




— — Vernon HaroOurt'sRegu. 


^k 


18 


later, 203 


^B 


Chloride of ethyl, 112, 166, 254, 


— laryngeal spasm under. 




298, 307, 313, 379 


238, 340 ^^ 
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Chloride of methyl, 272, 379 


— masks. 322 ^^M 
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Cloquat. surgical hypnotism, 8 ^^| 


■ by inhalers, 202 


Clover, ohlorotorm inhaler, 202 ^^| 


1 by open method, 221 


— gas and ether inhaler. 128 ^H 


■ from lint, 221 


— modified by Dud- ^H 


W Scotch, 221 


ley Buxton. 150 ^^| 




— regulating ether inhaler. 129 ^^^| 


— physiological action of, 1S6 




— poBt-mortem appearances 


— use of ethidene. 21. 2ST ^H 


in deaths from, 397 


Cocaine, 356 ^H 


— preparation of, 181 






375 ^H 


17 


— after-effects of, 375 ^H 


— recovery after narcosis from, 


— Bier's method, 371 ^H 
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— Coming's method of using, ^^| 


— tests for purity of, 182 


367 ^H 


— the inhalation of, 225 


— dose, 363 ^H 


— with alcohol. 288, 291 


^in dental snrgery, 3Q9 ^^| 


— with atropine and mor- 


— inaitration method ^^| 


phine, 301 




— with bro methyl, 298 


— in major operations, 368 ^^H 


— with chloral, 303 




— with chloral and morphine, 


— methods of employment, ^^H 


303 


362 ^H 


— with cocaine, 303 


— physiological aotion of, 357 ^^| 


— with ether, 167, 292, 294, 


— treatment of accidents tm- ^^H 


286 


der salts of, 376 ^H 


— with ethyl chloride. 2B9, 260 


— when to be used, 33S ^^^| 


— with morphine, 299 


— with chloroform, 303 ^H 


— with oxygen, 241, 298, 309, 


Cole, Sydney, on physiological ^^^| 
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Choice of anKathetio for chil- 


— ether, 174 ^H 


dren, 3 S 


Colton, 10 ^H 


-health, 34 


Complications under chloro- ^^^| 


in circulatory disease, 42 


form, 234 ^H 


in disease, 38 


— under ether. 162 ^H 


old age. 30 


— under nitrous oside. 91 ^H 




Condition of patient, choice of ^^H 


special surgery, 303 


ansHthetic according to, 29 ^^H 


Circulatory diseosea, choice of 


ConHciousness under anies- ^^H 


ameBthetio in, 42 


thetics, 3S1 ^H 
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Coryl, 379 
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effecU of, 180, 251. 333 ^H 


nitrous oxide, Q2 


Degeneration of heart, choioft ^H 


— — under ether, 165 






Delayed cliloroform poisoning, ^^^| 


390, 393 


252 ^H 




Delirium, choice of aniesthetica ^^| 




38 ^^H 


Craniotomy, aiwsthetica for. 


Dental gE^s and props. 75 ^^H 


328 


— profession and use of anieea- ^^^| 




thetics, 391 ^H 


— on neural anesthesia, 376 
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Diabetes, best anffiathetie in. 


Cyanosis, causes of, and treat- 


355 


ment, 33, 92, 112, 166, 174, 


Diet before and after anes- 


227. 235, 238, 270, 337, 340 


thetics, 25 








Diphtheria, choice of an^s- 


Db Costa, Dr., on action of 


thetic in, 38 


ether on blood, 121 




Dangers attending bromide of 


thetica, 249 


ethyl inhalation, 285 


Dubois' ansBHthesiometer, 202 




Duret on action of ether, 128 
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— — ether inhalation, 108 


Electricity, Faradism in car- 


ethyl chloride, 257 


diac failure, 240, 347 


nitrous oxide inhalation. 


Elliotson, animal magnetiara, S 


93 


Embloy on chloroform syn- 


Daatre on action of ether. 123 


cope, 196 


Davy, air Humphry, re- 




seai^hes on nitrous oxide, 10 


leathetiea for, 39, 120 


Death rata under anieathBticB, 


Empyema, anEestheticB in caaes 
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of, 40, 315 


Deaths under amesthetics, 386 


Epileptic fits during aoiea- 


— under chloroform, 397 


thesia, 99, 247 


^nader ether, 177,396 


EpiataxiB under anteathefcica, 
93, 164, 334 


™- under ethyl chloride, 257 


— under nitrous oiide, 113, 
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tion, 127, 113; Clover's ^H 


— - adtnimstration, 1 43 ; with 


method, 130 ; Broine's ^^| 


A.C.E. mixtura, 156; with 


method. 164; A.C.K raid ^H 


gaa, 112, 147. 297 i with 


ether method, 166; chloro- ^^| 


chloroform. 137. 296; with 


form beforeether, 157 : ether ^^| 


ethyl chloride. 165; with 


and oxygen, 158 ; ether ^^| 


morphine. 302 ; with oxy- 


byrectum, 158, 312 ^H 


gen, 168; by the rectura, 


— narcosis, degrees of, 122 ^^| 


62. 168. 312 






— physiological action of , 1 2 1 ^H 


Haward and Pollock, 20 


— pneumonia (so-called), 54, ^^H 


— after-effects of, 168 ; rectal 


170 ^H 


etherisation, 161 


— poisoning by, 395 ^^H 




— poat-mortem appearancea ^^| 


174 




— chemical and pliy Biological 


— pre;>irationof. 117 ^H 


propertieB, 116 


— properties and uses, 116 ^^H 


— ooUapse, 174 


^ra^h. 125 ^H 
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— recovery from, 145 ^^H 


— contra- indications to, 119 




— coughing caused by, 120, 




103, 165 


124, 162, 340, 342. 343 ^H 


— dangers of, 168 


— spray, 378 ^H 


— death from, 177, 395 




— detection of, in tiBBueB, 


lowered by. 127 ^H 


396 


--tremor, 167 ^^| 


— diBOovery of, 13 ; Gret use 


— use for infanta and young ^^| 


as an anesthetic, 13 ; firat 


children. 36, 120 ^H 


public use in England, 18 


— varieties of . 1 1 7 ^H 


— effect on heart'a aotioo. 


— vomiting caused by. 169, ^H 


125 


175 ^H 


on kidneys, 125, 175, 


Ethidene chloride, 287 ^H 
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Ethyl bromide, see Hydro- ^^| 


on nervous system. 122 


bromic Ether ^^| 


on respiration, 124 


Ethyl chloride, 264; con- ^H 


-on temperature. 127 


tinnouB inhalation. 278 : ita ^H 


^ heart dangers, eto., under. 


mixtures, 272 : physio- ^^| 


174 


logical action, 265 ^H 




Ethyloform, 276 ^H 


— inhaler, see Appeiratiis 


Encaine &, 364 376 ^H 
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Examination of patient before 


Godlee on anfeathetics in thor. 


anffiBthetic. 20 


acic aurgery, 316 


Eye changes in ocular globes. 


Gowan's gag. 74 




Greatrakes, use of meeinerism. 


Pupil), 83, 133, 227, 208. 


7 


274, 280 




— operationa on the, aoEBS- 


Hie mate mesis under nitrous 


thetics for, 62, 307, 362 


oxide, 93 ; from ether, 176 ; 




Hematuria after auEesthetios, 


Faraday Buggestod uae of ether. 


175, 286 




Htemoptyaia under ether, 169 


Faradism to produce auEGB- 


Hall's (Marshall) method of 


theaia, 37B 


artificial respiration, 347 


FeU'a method o£ artificial re- 




apiration, 240 


disease of, 42, 100 


Flouran's researches, 19 




Flux' open method of giving 


the : chloroform, IBO ; co- 


nitroufl osdde, 85 


caine, 368; ether. 125 j 


Fontaine's chamber tor nitrous 


ethyl bromide. 281 ; 


oxide, 104 


ethyl chloride, 256 ; nitrooo ' 


Foreign bodies in air-passagaa, 


oxide, 62 


dangers of, 96, 235, 336 


Hell, Father, use of " magnetio 


. treatment, B7, 236, 


tractors," 8 


341 


Hewitt's gas inhaler, 72; gas. 


Freudenthal's method of treat- 


and oxygen inhaler, 105 i 


ing respiratory failure, 164 


dental props, 76 




Hiccough under ether, treat- 


Gags, 75 


ment of, 1711 


Gaakell on chloroform syncope. 


HiU, Leonard, on action o( 


190 


chloroform, 192 


General surgery, nitroua oxide 


— on treatm.ent of chloroform ■ 


in, 63 


ayncope, 192 


Glottis, spasm of, under amos- 




thetics, 95, 124, 162, 238, 


nitrous oxide anssthesia. 


340 


87 


treatment of, 341 


HilUacher's gas and oxygon ap- 


Glvooauria after chloroform. 


paratus, 105 


251 




— after nitroua oxide, 84 




— choice of anesthetic. 


213; use of hydrocyania 


355 


acid in syncope, 241 
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1 al ether pneumonia, 165 


375 


1 Holocaine. 37S 
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I Horaley, Sir Victor, 22; cai 


95, 174, 237, 244. 351 


P action of ether on laryn- 




geal muscles, 124 ; on use 




of moTphino imd chloro- 


of ether, 14 


form, 300 


Jaundice after chloroform, 261 


Howard's mathod of artificial 




respiration, 346 


ticafor,51, 159, 218. 309, 312' 


Hunt-er's use of compression of 


Johnson, Sir George, on nar- 




cosis under nitrous oxide, 57 


thesia, 7 


Julliard on use of ether, 128, 


Hyderabad chloroform eom- 


with chloroform, 297 


raisaion, 21 


— on morphine with ethar, 302 


Hydrobromic other, 280 : aooi- 


Junker's chloroform inhaler, 


dants of, 283 


214 


Hypertrophy of heart, choice 




of aniesthetioa in, 45, 101 




Hypnotism, 7 


perature under ether, 147 


Hysterical aeiznres under ances- 


— on nitrons osdde, 39 ^_ 


theticB, 100, 251 


Keen on heart massage, 353 ^^| 




Kelene, 272 ^H 


" Ideal " Inhaler (ethyl 


Kemp on nitrous oxide, 61 ^^| 


chloride) 201 


Kidney, choice of anjesthotica ^^| 


Indulgenci?, self-, io anies- 


in diseases of the, 46, 120, ^H 


thetiFB. 398 


318 ^H 


Infection of face-pisces and 


Kingaford on somno form, -274 ^H 


inhalera, 70 (note), 172 


— ethyl chloride inhaler, ^^H 


Infiltration method (Sohieich), 


261 ^H 


304 


Koenig on action of ethyl ^^H 


InJialoca, see Apparatus 


chloride, 236 ^H 


Insane, choice of aoffiflthetios 


—- on mechanical compres- ^^H 


for the, 38 


aion of the heart in ^^| 


Insanity following the odmin- 


syncope, 244 ^^| 




Krataohmer on laryngeal ^^| 


— — — of ohloroform, 233 


spasm from ether, 124 ^^| 




Kriahabec on nitrous oxide. 59 ^H 


tory failure, 240, 347, 348 


Krohne and Sesemann'a ^^| 


Intraspinal injection to induce 


feather respiration index, ^^H 
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Laborde'a method of reaiia- 


Lister's, Lord, method of giv- 


oitation by tongue traction. 


ing chloroform, 221 


104, 245, 338 


Lloyd's aseptic gas bags, 70 


Lftbour, nnfeflthetica in, 54, 


{note) 


322 


Local anesthesia, 362 


^reputed objections to. 


Long, Dr. Crawford, 13 


324 


Longet, 122 




Lotheisen on ethyl chloride. 


in, 333 


255 




Luke's chloride of ethyl 


100 


inhaler, 264 


LaSont on dangers of nitrous 


Lung diseases, antestbeties in 


oxide. 65 


caaesof. 38, 315 


Lancet Chloroform Comraia- 

aion, 21 
Lane's case of heart-raaaaage. 


nitrous oxide in, 100 


Maaa' method of treating <Mar 


353 


reform syncope, 245, 352 


Laryngeal spaam undec chloro- 


McCardie on etbyl chloride, 


form, 238, 340 ; under ether. 


256, 2C0 


124,102,340; under nitrous 


McWilliam on chloroform aa 


oxide, 95 


tion, 190, 103 






Laiyngotoray, 342 


Mandragora, 6 


Lavage, importance of, 27 




— in persistent Bieknees, 176, 


99, 355. 390 


249, 337 




Lawrie Hyderabad Commis- 


syncope, 254 


sion, 21 


Martin on chloroform actioo; 


— Hyderabad cone, 223 


see Embley 


— on chloroform syncope, 191, 


Massage of the heart, direct, 35: 
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Medico-legal aspects of ansa 


Lebet on action of ethyl 


theties, 380 


chloride. 256 


Memphis marble, 6 


Lennox nasal apparatus for 


Menstruation, nitrous ozid 


gaa, 90 


during, 100 


Levy on ether efieot on 




kidneys, 47 


7 


— chloroform inhaler, 211 


Methylene, administration oj 


Linhart's nuxture, 294 
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Tint, niethod of giving chloro- 
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1 Moore, compceasion of nerve- 


Nitrous oxide, applied to anies- 


■ trunks, 7 


thesia by Horace Wells, 1 1 


Moore & Roal chloroform re- 


Bert's method, 104 


eeoich, 184 


by open method (FIuk). 


Morphine and chloroform, 299, 


S5 


354 


^ — Coxon'a, 87 


— and ether, 302 




— atropine and chloroform, 


87, 113 


301 


Hewitt's method, 104 


- — with scopolamine and chlo- 


Hiiliard'fl, 87 


roform, 303 


in general surgery, 68 




with air, 101 


Morton, W. T. G., first use of 


— — with oxygen. 104 


ether, 14 


Nitrous oxide gaa, ftfter-efEeota, 


Mouth-opeuer. 75 


84 


Mouth-props (dental), 75 




Mouth spoon, 77 


syncope, respiratory diffi- 




culties, laryngeal spasin,&c.)> 


ether, 165 


93 




deaths under, 101 


384 


duration of narcosis 




under, 65 


Narcotilo, 272 


^ — ^in advanced age, 100 


Naaal operationa, ohoice of 


in dental surgery, 80 




in heart disease, 100. 




101 




^ in lactation, 100 


_ ether. 166, 175 


in long disease, 100 


Nfilaton'a inversion in ayueope. 


— in pregnancy, 99 


243 


_ naaal method, 88 




^ phyaiological action 


Neurotic persona, choice of 


of, 57 


aniestheticB for, 299, 375, 


Nizam of Hyderabad, cUoro- 


3D9, 400 
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245 
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— — and ether, 112, 297 
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376 ^^_ 
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by'a ether inhaler, 13B 


thetFics in, 322 


Peotal. 283 


Ocular phenomena under ansea- 




theticB, 83, 133, 227, 274 


chloroform, 202 


Open method of giving chloro- 


Pericardial disease, choice of 


form, 221 


anmsthetic in, 42 


nitroua o>dde, 85 


Phosgene gas poiaoaing, 440 
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Physiological action of amy- 


tic, 48, 305, 362 


lene. 286 


O-nTithnlmin aiii'^cti'ir ^9 ^07 


chloroform, 186 


302 


Oral net spoon, 77 


ether, 121 


Ormaby'a other inhaler, 127 


ethidene chloride, 287 


Overdose of ether, treatment 


^ — euoaine. 376 






Oxygen and chloroform, 298, 


nitroua oidde gas, 57 


3ia 


Pickering on action of oitraus 


— and ether, ISS 


osJde, 60 


— and nitrous oxide mixed, 


Pictet's chloroform, 181 


Bert's method, 104 


Pleurisy, choice of anseathotio 


Hewitt's method. 


in, 38 


105 


Pohl on selective action of 


Rimiboll's method. 


chloroform, 185 


110 


Poisoning by chloroform, de- 




layed, 253 


under ani^athetics, 41, 132, 
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— under chloroform, 225 




— under ether, 143 


Pallor under antesthetics, 92 


— under nitrous osade, 80 


Paralysis, ariaing during anas- 


Pregnancy, choice of ansa- 


theaia, 174, 355 


theticin, 37, 322 
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Preparation of patient lor 


of nerves, 7 


ansBsthetic. 26, 330 


Parturition, see Labour 


Probyn-Wilhams, 135, 296 ^H 


Paterson'a naaal method for 






^H 


P^au on analgeaia under ether, 


Puerperal convulsions, chlc«o«^^H 


123 


form in, 328 ^^H 
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theticB, 95, 06, 97, 115, 162, ^H 
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228. 234, 247, 261, 258, 270, ^H 
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273. 281. 286, 287, 291, 295. ^H 
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301, 333, 337, 339 ^H 
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Retching, under nitrous oside, ^^| 


Samaay, Sir W., on pure 


^1 


chloroforra, 183 


Rhigolene, local anssthetic, ^^H 


on pure ether, 118 


379 ^H 


Rape attempted under anes- 


Richardson, Sir B. W., 2; on ^^| 


thetics, 284 


A.C.E. mixture. 288, 292 ; ^H 


Rash, ether, 144 


on ether spray. 378 ; on ^^| 




ethyl chloride, 256 ; sleeping ^H 


364 


syrup. ^^H 


Rectal injection in eraergenciea 


Richerand, aniEsthesia by in- ^^H 
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— surgery, anresthetics in, 321 


Roaf. 184 ^H 


Rectum, etherisation per, 52, 


Bobbery under anfesthetics, ^^H 


158, 312 


384 ^H 


Renal complications caused by 


Rosenberg's method, 304 ^H 




Round worms causing dyep- ^^H 




nraa under anaesthesia, 32 ^^^k 


ether. 46. 125.175, 177; 


Rowell on gas and air ames- ^^^k 


nitrous oxide, 84 


theaia, 102 ^H 




Rumboll oxygen-nitrous oxide ^^H 


120, 284 


inhaler. 110 ^H 


Rendla'a mask, 140 


^^H 
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Sanaom on action of ether, 126 ^^| 


— by insufflation, 348 


Sansom's chloroform inhaler, ^^| 
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^H 


Respiratory after-eSeots of 


Savage, Dr., on insanity fol- ^^^k 


chloroform, 248 


lowing ann?sthetics, 399 ^^| 


— — of ether, 169, 170 


Scbafer on circulatory failure, ^^^| 
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2S4 ^H 
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343 ^H 
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Spasm from chloroform, 238, 
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340; from ether, 124, 102, 






340, 342 ; from nitrous ox- 




— Bolutions for general aoces- 


ide. 06, 114 




thesift, 294 
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dangers, 375 
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method. 373 




Self-indulgence in nnEcathetica. 
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39S 
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Semon, Sir Felix, on ether ac- 
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Starling's case of heart mas- 




inhaler, 113 
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Sherrington & Sowton's chloro- 


Stedman on rectal etherisation. 
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Sternberg on bacteriocidal 






power of ether, 121 




190 


Stertor under nitrous oxide, 82 
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(note) 




— on bromide of ethyl, 284 


Stewart, Dr. Grainger, on 




— on Wertheiiii'B Bolotion, 296 


dangers of hypnotMm, 9 




Simples inhaler, 264 


(note) 




Simpson, Sir J. Y., introduc- 


Stovaine, 377 




tion of chloroform, 1 7 






— method of giving chloro- 
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form, 222 


Strychnine, use of, in chloro- 
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form sj-ncope, 241, 244 
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Synaope, mechamam oi, under 
chloroform, 190 

— treatment ot, 243, 351 

— under cMoroform, 241 

— under ether, 174 

— tinder nitrous oxide, 93 

Temperature of body under 

ether, 127 
Thirst after ether, treatment 
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Thorax, operations on, anss- 

theticafor, 63, 31B 
Thyrotomy, anflsathetica for, 

52, 312 
Tongue, exaisioa of, antes- 

theticsfor, SI, 310 

— flsfltion of, dangers from, 
under ahloroform, 333 (note] 

— forceps, 78, 79 
Tonsillotomy, ansstheties for, 
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Treatment of accidents during 

ameathesia, 330 
Trendelenburg position, 320 
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Tui&er on apinal analgesia, 
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TyrreU's double-bottle method. 
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^ from chloroform, 248 
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Waldie suggests chloroform to 
Simpson, 17 
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Wardrop, aniesthesia by bleed- 
ing to syncope, 7 

Ware on death rate under 
ethyl chloride, 257 
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der anffisthetics, 27, 330 

Weisa'a sleeping draught, 6 

WeUer's gag, 77 

Wetla, Horace, disooverer of 
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10 
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